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PREFACE 



The ERIC Information 



The ERIC Information Cent'et for Science, Mathematics, and' Environ-- 

* 

mental Education has\compiled abstract's of the research papers to be 

ft 

presented at the 56th annual meeting of the National Council of Teachers 
of Mathematics, Selection of the papers was made , by Professor JesSe.A. ' 
Rudnick, Temple University, and members of the Research Advisory Commit^ 
^ of the Counci?l. Minor editing^ has been done to provide a general 



format for the papers. 



Many of. the papers that are abstracted here wfll later be mad^ 

# " 'r 

•available through the ERIC system or published in journal^,^^ These ' 

will be announced in Research in Education or Current Index to Journals 



in Education. 
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An Investigation of A Model of Children's Preferences 
with Respect to Topological and Geometric Figures 

. Albert 0. Shar 
University of New Hampshtre ' 

^ Hilliam E. Geeslin ^ 

University of New Hampshire 



Purpose . ^ » . . 

,The purposes of this study^were to: 1) test one aspect of Piaget's 
developmental model concerning children's perceptiop of space; arid 2) 
investigate an alteimate model of perception. Piaget and Inhelder- (1963) 
contend *that young children view space topologicaliy and discuss tRte 
.child's spatial conceptual deyelgpraent in terms of a transition frota 
the topological to the geometric. Past research in this area has pro- 
duced contradictory evidence concerning Piaget 's contention. 
Difficulties w^th previous studies include: inaccuracy and vagueness, 
of mathematical terms; over-reliance on haptic tasks; instrumentation 
biases; and ignoring within age-level individual differences. Since 
children's spatial abilities appear to "^play a significant role in 
mathematics learning, the question of >ow children develop spatial 
concepts and/or perceive figures -is an important factor in designing 
optimal elementary curricula. This research was intended to aid the 
development of a documented theoret-ical framework upon Which -mathemati- 
cal instruction can be based. 

Formal definitions of the terms "to^ologically equivalent" .and 
"geometrically equivalent" were developed. These definitions appear ' 
to cover the intuitive distinctions m^ade jDy previous authors ^ includ- 
ing Piaget. An alternate .model of perception* based on pattern 
recognition techniques, was derived. The sighificant variable in this 
model is amdunt of "distortioji." ^^A test package consisting of ten 
figures and two variations' of each figure, one topologically equivalent 
to the original figure and the other geometrically related to the 'ori- 
ginal figure, was developed. According to the pattetn recognition 
model, a child (or adult) will select the variant whicli^ represents the 
minimum distortion of the given figure. By comparing the relative dis- 
tortions of the two variants, one c'an assign selection^probabilities 
to each variant. These probabilities were determined matbfematically 
prior* to using the test p^ckage/with any subjects. The items in the 
package range in, prior probabilities of topological choice preference - 
from approximately 0.1 to 0.9. Items were arrarfged randomly into four ' 
sequences. Similarly, the variants were placed randomly vith regards, 
to Ifeft/right location^ 



Procedure 



Three hundred forty-five children from the nursery (age 3) level - 
through fourth glrali^ level (from local schools) were* selected for test- 
ing* Each child was Instructed on each Item to select the variant 
most .like the given figure. After the ten Items had been administered, 
the child was Interviewed concerning hl# reasons for making selections • 
To compliment this process and in order for us to be better able to 
•determine key factors in the decision process of tlje children, a 
separate group of 50 children from the same levels was videotaped 
while responding to the items. These children were Interviewed after 
each item response rather than after all ten items had been completed. 
The interviews were less controlled and ranged over more variety of topics. 

Results . 

Pata analyses included comparison oi number of topological selec- 
tions by age-grade lev^l and sex across the total test and across a. 
subscale of items (the extreme probabilities were eliminated). Total 
t6st analyses indicated the pattern recognition model fit the data 
well (with the exception of the "star" figure). Subscale analyses 
indicate some suppqrt for developmental differences, but the strength . 
of these differences was not ^ accord with Piaget's findings. Although 
the interviews are less amenable to statistical analysis, results 
indicated that children .at all levels were well aware of the differences 
between the given 'figure and the two variants. Children varied within 
.each level, in spite of ^observing similar flgural* elements. 

* § 
Conclusions . - • 

: " ^ ^ ' 

Thus^he study provides evidence that children's perception of 
space is far more comiilex than Plaget suggests. Individual differ- 
ences were large a't each level. Some children selected almost all 
the topological variants while^ others selected mostly geometric 
variants. Interviews indicated both types of children were consciously 
and "knowledgeably" making these chc^ice's. This Indicates children have 
definite .preferences about figures . and/or the "correct" answers." 
Analyses of ' the test items also Indicate that the ,te^^ item Itself 
does significantly affect children's selections. This no doubt played' 
a role In^ causing previous stuHles to arrive at contradictory conclu- 
sions. In addition to test item', developmenta:! , and distortion [ r 
variables, it appears that familiarity, training, and test instruction 
variables can^ affect childreir^^s~.3^ectlons / Future studies should 
attempt to locate additional variables affecting children's percep-- 
tiohs. Likewise, it appears that these factors vary in importance. 
A hierarchy of perception factors is suggepted^. However, the inter- 
views left^us With the feeling that relative Importance of the 
perception factors changes when extreme values are used for a - ^ 
particular factor. . ' 



A Description of How Selected Seven-Year Children Learn 
To Reason To Solve Partitive Division Problem? 



Lihnea Weiland ' . . 
Keah College of -'New Jersey 



. Purpose . 

;^ • . ^ \ , ' \ * ' 

This teaching egperiment exaqjined, the procedures used by ^21 seven- 
year 'old children to solve partitive divisioa prpblems during discovery- 
oriented instruction. The goal was'^t© observe and describe the 
•strategies and argiiments the children used, and the difficulties they 
encountered, as^'^Thfey learned to reason out> solutions to problems using 
base teh blocks. * , ' ' 

Procedure , . ' . ' ' 

The su]?^ectf^ of the experiment attended an independent elementa'ry 
school in New York City, l^ile the children understood the' language of 
partitive division problems' as vell^^as numeration with base ten "blocks, 
they had not recreived formal instr.ucttcR^^in^iiivision-. , Dyring 1? inter- 
viei^\)ver approximately a year each chilcf^^^lVed 66 problems of varying 
difficulty. Problem difficulty was defined iAsterms of the size of th^ 
dividend and the numb^'of exchanges involved. '\Divisors- ranged from 1 
to 9. Eacb child wafe asked to jreason out loud as! he solved the .oroblems . 
The researcher did not instruct the child in methods of solution or in 
ways of overcoming difficulties.- Running records were ke^t of* the 
children's behavior during the interviews. " 1. * 



Thr^e coding systems were d^eloped to 



classify the children's, 



reasoning ii), terms, of (a) the strategies u^Sd, (b) the difficulties 
encountered, and (c) the-.t)A>erali arguments employed in^ solving the 
problems. Seventeen distinct strategies of Ip^roblem solution were 
identified. These fell in three categories-^representational, sequen-- 
tial, and distributional. /Representational strategies described how 
the children represented the dividend; that is-, J.aj:he standard or a 
.nonstandard way. 'Seqi^ential strategies referred to the order in which 
children exchanged af(d ^distributed; that is, in ^'the standard order 
analogous to the standard.^distributive algorithm or. in -a nonstandard 
order. Distributional strategies described' how the children distri- 
buted the dividend; that is, by concretely passing out obj^ects one by ^ 
one, or by more abstract 'methods, for example, gi;essing, 'using 
meas^rement approach, halving, or using distributivity . The modes of 
representation used to expfess representational and distributional' ' 
strategies yere separately examined'. AlthougB the children most pften 
used J:he concrete mode 'and expressed .their strategies with base ten 
blocks,* th^y did express some strategies mentaUy; fhat 'is, verbally 
withput accompanying actions, and with pictures and numerals, ^he 



11 ' 



757 difficulties Identified wer^ classified In 2Q , categories The 
frequencies of occurrence of the strategies, tfielr modes of represen- 
tation, and the difficulties across all the -data were exgm£ned. To 
evaluate the effect of Instructional time, a comparison was made of 
the data for five k§sesstaent Interviews, To evaluate the effect"" 
p£»problem difficulty, a comparison was made of the strategies, - 
iao<4e8 of represefrtatlon, and difficulties which occurred -for each 
assessment combination* (The same, six comblnatilons representing 
the total range of problems given were repeated! at each assessment.) 

■ ■ ■ ■ \ . • 

Results * I 

The data on the children's reasoning were classified In five 
<^^gfument categories. The* standard distributive argument was us^d 
most 'frequently by every subject. ^-JThe four other argjuments. were - 
each used at least once by over half the subjects and each accounted 
for between 3 percent and 5 percent of the arguments. One argument 
relied on dlstrlbutivlty ; another, only appropriate to those cojnblna 
tlons wlth^dlvlsors. which* are powers of 2, Involved halving. The 
measurement argument Involved subtracting off bunches t!Vie size of . 
the divisor and counting. the number of bunches thus made. The last 
argument relied on recognlziijg multiplication as the inverse of 
division. * ' N 



The beha>i^B''of two of the subjects was described In detail. 
The ccintr^st c^l^^ese gyo children In their use of strategies and 
^arguments, and^ri their reactions to difficulties was lllustratlye 
, '^f the variatlop In sophistication among all, the su1)jects. 

The resul'tst of this research Implied -severed modifications of 
the dlscovery-orleyited teaching ipethod. In aMktlon, criteria ^for 
the evaluation' of problem difficulty and sop^njjjf icated thinking 
about division were^ proposed, and some directions fpr fy'rther 
research were outlined^. 



Gam^ As Aides to Retrieval and Maintenartce of 
Skill with Basic Multiplication Facts 



George W. Bright- 
Northern Illinois University . 

John G. Harvey ^ 
University of Wisconsin - MadisSn 

^ .^rgariete .Montague Wheeler 
Northern Illinois* University 



Purpose * ^ , \ ' ' 

Gaming activities have been a source of entertainment and instruc- 
tion for cerfturies. During the last twenty years, 'teachers have been 
enthusiastically encouraged to use an almost bewildering array of 
mathematics games. The empirical research repottihg positive cognitive 
effects of games on mathematics learning, however, is virtually non- 
existent (Bright, Harvey 6e Wheeler, 1977) • . , ^ 

Three Studies were designed to investigate the effects of ^ games on 
the retrieval and maintenance of mathematical skills. One of* the exp^r 
^imental variations tested the effect of alternative game strategies • 
All three studies were set in a post-instructional cotltext (BTight, 
Harvey & t'/heeler, 1977). - " . - 

Th^ games used in thtase studies were MULTJ^G and^IVTIG i(Romb^g, 
et al., 1974, 1975, 1976) which are similar to CONTIG (Broadberit^^972) 
at least>with respecT to 'the use of a gameboard, random generatyifn of 
numbers, afid scoring. -Each of the studies incorporated the tournament 
portloa of the TGT classroom management model (Edwards and De^^fies, 
1974). Initi-al assignment of studeilts to 'three-person tables was 
random. , » ^ ' - - 

Format' for the several instruments was consistent across the 
studies. For a 20-item test of basic multiplication facts, 10 items 
were randomly chosen from the 36 facts (4x4, 4x5, . . . 9x9) used in ^ 
the gamefe and 10 items were randoml/ selected f^rom* the remaining facts. 
The spee^ test ^included all -100 basic ini^Ltiplication facts, randomly 
ordered. The placebo test" consisted of twenty 2- and 3-digit addition 
^tems. : - ^ ^ r 



^fe^: 



Study I; Retrieval of Basic Multiplication Facts Via Games 

The hypotheses of Study 'I were as follows: / * 

.... - ' • - 

1* (James are not ^ Effective in aiding in retrieval 'of skills in 
basic multiplicatlc^h tacts by intermediate grade students. 



,5 



13 



2. Administration of a basic facts njretest does not alter 
the effects of games. ' ' - - • 

3. There is/ no correlation between posttest performance and 
final tournament position when a modified t6t structure'^ 
is imposed on game playing. 

Procedure • . • ^ 

Subjects were students in 14 classes In grades 4, 5 and 6 in. 
Rochelle and Rockford, Illinois, and in McFarland, Wisconsin. There 
were 348 students^ but the unit of -analysis was the classroom (N=14). 

The treatments were conducted during the first ten days of Instruc- 
tion for the school year. On Day 1 each student 'liook a pretest. Half 
the students, randomly chosen, took a 20-item test of basic multiplica- 
tion facts. The other half of th^ students took the, placebo test. 
Fifteen* minutes were allowed. On Day 2 each classroom teacher explained J| 
the game. .On Days 3 through 9 the* game was played for 15 minates per 
■day within the TGT tournament structure. On Day 10 every studejit took- 
a 20-item posttest of basic multiplication facts. Both grade 4 classes 
played MULTIG. Grade 5 and 6 classes were randomly assigtied to MULTIG 
oi DIVTIG. 



Results 

\ 

All hypotheses were .^tested for the total test scores and' for the 
subscores on the cen game-specific items. On tfie basis of Wilcoxoiv 
signed-rank tests, Hj^pothesis 1 was^ejected for total test score 
(p< .025) 'and for game-specif iq score (p<.01). Hypothesis 2 was not 
rejected for any *t)f 28 computed F-statistics . The test- of Hypothesis 
3 is not yet completed, but of the fir^t \^ computed' F-statistics, 
only two are significant at the ..05 level. 



Conclusio ns • , - - 

Th,e two games. use4 in this stu,dy were effective In aiding the re- 
development of skill with basic ipiltiplication facts. Games do provide 
a legitimate alternative to more standard kinds of drill and practice 
when used early in a school year to retrieve skills with basic facts. 

\Further, there seems to' be no effect ca^sed'^by pretesting. That is, 
a prete^ neither enhances nor detracts froA the effects of the games. 
Finally, the study provides cofroborative' data suggesting that the 
assumptions underlying the TGT model are too sifliplistic and need to be 

. rc-examlned . 




0 



study II; The Effect of Alternative GatgT^ Strategies 
The hypotheses of Study II were as follows; 



2. 



Mc^dif ications of the strategy of a game- do not have diifej 
ential effects at the skill utilization level,- , / / 

There is no correlation between posjttest performanc4- §nd 
final tournament position when a modified TGX stru^tu^e 
is imposed on ganie playing. ^ ' / 



Procedure 



Students enrolled in grades 3 and 4 from Aurora, Illinois, were 
subjects. Two hundred fifty students fqom twelve classrdoms used one 
of two versions of MULTIG to practice basic multiplid4tlbn facts. In 
Treatment 1, students used the scoring ^ule usually assciciated with 
MULTIG:* namely, count only. In Treatment 2y students /Used* an alter- 
native scoring rule, count-count-mult i^ly. / 

Treatment I t .Count the number of coveredj diamonds that touch 
a side or a corner of the diamond you just cojvered. This 



number is your score. 



Treatment 2: 



Count the numbeTr of covered diamonds that touch 

a side or*a comer of the diamond you just covered. Count, the 
number of uncovered diamonds that touch a side or 4 corner of 
the diamond yojj covered. Multip% these two numbers, The 
^t^roduct is yo^ir^score. ^ . , v 

The treatments we?:e conducted on ten consecutive school days in March 
1977. On Day 1, each teacher explained, one randomly assigned version 
of MULTIG. ^ On Days 2 through 8, students played that version of 
MULTIG within .the TGT model. On Day 9 every ' istudent took the 20-item 
powervtest as the first posttest. On D^y 10 the second posttest, the 
100-item speed test, was^administered to every student. Fifteen 
minutes were allowed for each posttest. 



Analysis 



All the data have been collected, but the an«JLysis has not yet 
begun. Statistical result^^ill be available when the paper is pre- 
sented. 
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Study Illr Replication of Study l' 

Study^III was conducted -in fall 19l1 as a replication and exten- 
sion of Study I.'* An additional measure of leamdi\g was ^a, speed test 
of all JLOO basic multiplication facts. A limit^ of five minutes was 
Imposed for this test. Results will be reported iji the paper presen- 
tation. • ' ^ 
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Ten; years ago, If the writers' perusal of the research is accuratel 
there had been few studies in the United States which directly involved^ 
the learning of geomets-ic transformations. 
• * * 

Since that time, a rather lirge number of studies, some indicated 
below, have been conducted which relate' to this subject. They fall 
into five general types: 

A. Natural Evolution of Transformation Geometry Concepts 



Piaget and 'replicators ' 
Shepard andMetzler (1971) 
ffuttenlocher and Presson (1973) 



Moyer (1974) 
McGlone (1974) 
Martin (1976) 



B. Role of Instruction in Learning Transformations-Piagetian-Style Tasks 



Turner (1^67) 
St. Clair ^1968) 
Shah (1969) 
Williford (1970)- 
Mbrris (1974) 



Gardella (1974) 
Kidder (1975) 
Perham (1976) 
Russian studies 



C. 'Organization of Curriculum for Learning Transformations- 



Beard (1968) 
Usiskin (1971, 1975) 
Olson (1970) 
Hoban (1970) 



D. Effects .of Learning Transformatiotls 

Usiskin (1969, 1972) ' 
Kort (1971) t 
Solheim (1971) 



Shilgalis (1971) 
Klein (1972) 
Nu&pl (1975), 



Herot (1976) 
Pitcher (1976) 



E. Teacher Attitud^ Towards, Transformations 



/ Gearhart (19^74) 



MacDona;.d a975) 



' . -V";,"" 

This session reviews the above research and* more 'recent studies, ^ 
and due to lack of time, and space concentrates on the Interpretatlpn 
of groups of studies. Some attention will be given to those studies 
(e.g., Kidder, 1975; Solhelm, 1971) whose results seei^.to cont?:adlcl 
the results of others. " - ^ / - - 

A. 

Some attention Is given to foreign work, both of a psychological 
, and of a currlcular nature. Of necessity we are brought to. this work. 

Plaget, But others (e.g., the van Hleles,* 1959; Freudenthal, 1959) . 
also lead us in tKis directions ; . 

. The goals of this session are (1) to summarize thfe research in the - 
learning of geometric transformations, (2) ^o- compare and'contraat the 
currlcular and psychological studies and discuss the Implications which 
the sbclological studies have for reseaffchers in each of th^e other 
areas, (3) to suggest avenues ' for- future work, and (4) to, generate 
dlscilsslon about all of the above. 
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Interest and It$ Relationship Verb ^^I Problem SSl^ng 



Martin P. Coffen 
University of Sittsbulrgh 



Purpose . € " 

The purpose ot this study was to investigate "the relationship / v 
between interests ahd verbal probleniTsdlviiig achievement; among secon-. 
dary school mathematics students.- Mor^ specifically, it .v^as designed 
to examine tendencies" for students to be more successful- irf^solving . 
verbal problems based on s^ituations for which they possessed measured 
inter^t than in solving verbal problems B^sed on situatipns for. which, 
they possessed little measured, interest. / 

Impetqs for this study "developed from the. follox^ng assumptions : 

1. Verbal problem solving is an important3.functlon,'o"f secondary 
school mathematics. ^ ^ ' 

* , « \^ , ^ 

- 2. Verbal problem-solvftig achievement may -be enhanced^by the 
construction of verbal problems' whose situational ^mbodl- ' 
V ments serve as ^motivational devices.' ' . ^ - 

The results of studies attempting to, secure evidence *o,f.. ar^elaj>^n 
ship between' interests and verbal profelem-solving afchievement"*hayp been 
inconsistent. Some demonstrate either no relationship or an'lnsigxiif i~ 
cant relationship. Some others indicate a modeisate positive 
relationship. The lack o^^a Qlear, consistent defin^on of -interest " 
Is undoubtedly a contributing ,f actor to these contjr^ictory Results. 
Howe^^r, advances In techniques of. measurement ahd experimental design' 
and the appearance of a carefully researched instrument such ak the • 
Kuder General Interest, Form E, designed specifically- for secondary ' 
school students, should serve to alleviate this pr6>lem; 



Procedure^ 



roc€ 



V / 



;The Kuder Generkl Interest Survey (CIS), 'Form E,^designedVfeif meas- 
ure an individua3|'s preferences in ten 1>road areas of interest jfj^l^a^ 
administered to 2231 eighth grade mathematics stud^t^ /(ilA Bfales, 109 * 
females) in the Wacd (Texas) School District.' The three Interest ar^as 
utilized in this inyestigation are out'door^ computational, and scl^n^- 
tlf Ic • . / . * ' * • . ' , 

^Three parallel fonhs of a verbaL-pxoblemr-solvlng' test^ c'oifrespond- 
Ing to :the interest areas of .outdoor, computational, and ^gcientlfic,.^ 
were c6nstructed .by the investigator. Each form consisted of ten"''- ' 
verbal problems. It was desired that only one feature of the^.problems- 



) 
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on the three parallel forms, that of the contex^ In which they were 
placed\ would vary. In other words, the first problem in eacH of 
!the three forms was similar exj^ept for context. Likewise, this pxo- 
cedure was 'tis ed for problems two' through ten. C^fB was exercised to 
control for other Aspects of the ''equivalent" problems (e.g., reading 
level, verbal clues, mathematical operations involved^ computational 
difficulty). . <^ ^ * ^ • 

' Separate norms are established for males and f,emales on the GIS.. 
.Hence, students were .randomly assigned, by sex, to each of* three pro- 
blem settings (out^door, computational, and scieutlf ic) . * The verbal - 
problem-solving test, with context reflecting outdoor interest, was 
administered to those students who had been ^randomly assigned to the " 
outdoor problem-setting group. A similar procedure was followed for 
thbse students raitdomly assigned , to the computational or scientific 
problem-setting groaps. Reliability co^^f f icients^ (KR-20) for the 
outdoqt, computatl^onal, and scientific verbal problem-solving tests 
were . 76, . 79 and .79, respectively". 

In^ designing this study, the investigator sought answers 'to'lj^ 
fo^owing xiuestions: . . 

Question 1 ; For.males.or females, will there be a difference 
in mean scores on the three verbal prbblefin-solving tests? ' 

Quest ion'^2 ; Based' on the knowledge of a student *s interests 
alone, it is possible to predict on what type' (context) of 
problems that student will be most successful as measured 
T>y a verbal problem-solving test? 



An 



^ In order to answer the questions, hypotheses were formulated and 
tested by« multiple linear regression.^ The specific hypotheses tested 



were: 



t ft 

y 



1., The Apan scores on the verbal problem-solving test across 
problem settings will not be significantly different.- 




\nien scores on the verbal problem-solving test .are 
regressed on an outdoor interest variable; the regression 
lines across groups (problem settings) will not be parallel. 

When scores on the , verbal problem-solving test are 
regressed op a computational interest variable*, the 
I regression lines across groups (problem settings) will 
^^ho.t be parallel. * . ' 

4. When scores on the verbal problem-solving t'e^t are regressed 
on a scientific interest variable, tfte regression lines 
across grdups (problem settings) will tiot be parallel. 
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Each of the above hypotheses was -tested twice, once for males ' ^ 
and once for -females, , The' investigator chose a significance level 
of .05 for all stated hypotheses. ' . 

Concisi ons * . ^' 

The answers to the questions relative to the conditions of the 
investigation are discussed l?elow. — * • 

c 

Answer to Question -1 : The mean scores -on the three verbal., 
problem-solving tests were not significantly different for 
males or females. / 

I Answer to Question 2 \ There was no,' ©Vidence in the data 
^ obtained to support the expectation that it would be possi- 
ble to predict on what type (context) of problems a student 
would be most successful as measured hy a verbal problem- ^ 
solving test If^ prior knowledge of his interests were known. 

In view of tjie related research and the literature on motivation/ ^ 
it was somewhat surprising not to, find afflrmat;Lve evidence for 
Questfon^2. It may be tt^ case that if interests serve as motives, ^ 
they tend to be very weak^as predictors of verbal problem-solving 
acjjlevement . ) > * 

t 'is 

For future research in the' area of this -investigation, it is 
recommended that additional work be conducted in developing the ^ 
^verbal problem-solving tests. .More evidence is necessary to claim > ' 
that the tests actually, do reflect a specified area of Interest. 

/It is the opinion of the researcher that interest areas in which 
students have had more hands-on experience Xe.g. , sports, auto mechan- 
ics, music) will serve as stronger motives than those used in this 
study. It may be necessary to use' interest measures* other than the 
GIS. A suggested test may be Ewen's Activity' Experience"^ Inventory . 

^ Inv entory . , ' 
^ % » 

: With appropriate changes, future investigations may illustrate 
1£he usefulness o^f designing instructional materials to suit students* 
Interest profiles in order to facilitate the development of verbal 
problem-solving skills. ^ . 
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A -Strategy for Inducing Reclassification of Problem 
Types According to •Heuristic Schemes. 



Martha li. Ledbetter 
Massachusetts- College of Pharmacy 



•Purpose - * * . ^ • , . 

This resea?rch stxid^ investigated changes dri problem'solving 
schemes that occur as a result of a course in heuristic problem 
solving. Recent studies by Chartoff (1976) .and Silver Cl977)/have 
isolated a number of problem sorting schemes including: the heuristic 
sort, the generic sort, the contextual sort and the qtiestion-posed 
sort. Silver's research ^eems to indicate that those students who 
sort according, to heuristic cues are more effioie^^t. problem solvers 
than those who sort otherwise. If such evidence is correct, then 
teaching students to solve problems heuristically may well increase 
perf ormance in 'projblem solving. 

An examination of current high school and college jt^xtt reveals 
that for the most part problems ai^e categorized with respect to 
content (mixture problem, age problem\etc.). or algebraic type (quadra- 
tic equation problem, system of linear equations problem, etc.). 
Students are then encouraged to look for cues..in problems that will 
allow them to place them in one of the above categories A majo^ 
criticisur is^ that nq ^instructior\ is given- in how to conceptualize 
or approach problems that do not closely resemble previously encoun- 
^ tered problems. The heuristic' approach, on the other hand.^, emphasizes 
.problem solving strategies rather than ^specif ic problem types. 
Strategies include arriving at a contradiction', specializing, general- 
izing. and establishing patterns, to name a few. / '-^ 

Procedure . ' . ' , . 

This study has both an instructional: and a research component. 
Involved in the instructional component is the design of a set of 
' materials used in the teaching of a 10-\;reek course in heuristic problem 
solving. The course. is ^organized around ' three h^euristic strategies: 

(1) Using the^ symbolic language of algebra as a problem solving tool, 

(2) Establishing and continuing- patterns as a way to solve 'problems ^ 
and (3) Using contradiction as a method of problem solving. The 
research component^ involves the analysis oi data obtained from a 
class of freshman students enrolled at.^he ^ssachusetts, Coiiege of^ 
Pharmacy in Boston who took this course. The basic quefetion^ investi- 
gated by the study aret (1)' does the proposed course improve problem 
sblving performance? (2) does^ the' course effect changes problem 

, sorting schemes? (3) ^are changes in problem sorting schemes related 
to increased problem solving performance? (4) do students with 

• . ' ' ^ ' -1^ ^ . 

^25. 
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certain patterns of abill'tle^ (i.e.*. convergent and^iilvergent thlnkljig 
and deductive reasoning) benefit Uiost^ from such a course? (5) does 
the course increase performance on basic nj^thiematical skills? ^ 

^ The research design is, the Solomon four group design as described 
by Camipbell ancj Stanley* (1963) . The subjects, (n = 100) were a group 
of freshmen students enrolled ini a required sequence^ of college algebra 
courses at the Massachusetts College' of Pharmacy, These students cooMd 
be described as primarily middle incojne students of average mathematica 
ability residing chiefly in the New^ Eilgland :area. The control groiip 
studied the traditional course in college algebra and trigonometry • 
Pre-testing was of <^ two types:" pre-testing of initial "abilities"^' 
and prertesting for initial problem, sorting, schemes. The pre^tests "for 
initial ability consisted of five tests fi5om the '*Kit of Factor Referenced 
Cognitive Tests^'^developed by Ekstrom, French, Harman and Dermin. * 
A specially designed problem solvyig test and accompanying problem 
sorting questionnaire was also Administered as a pr^-test. The post- ' 
/test consisted of a 30-item test of which 15 items were on s'peicific 
mithematiMl. content and 15 items were on problem solving^. Aljl student 
also completed the problem sorting questionnaire at the end of the 
iP-week period, Multidinvension^l\scaling was used to analyze the 
data from the problem sorting questionnaire andjfmul.ti Aviate regression 
analysis was the statistical means of relatin»nhe sJtuclied factors 
(initial problem sorting scores, cpgnitive test, scores,, treatinent vs, 
control) to the response variables (post-test problem solving] scores 
and post-test mathe^tical content 'scores) ' ^ ' ^ 




Results 

Results will be reported when ^the. paper is presen 
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An Investigation of the Hand Calculator As a 
Mathematical Problem 'Solving Tool 
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Purpose 




The hand-held calculator is purported ta have tremencious 
potential for the development of problem solving /abilities , Among 
the studies' currently found in the literature, however, little 
researcfr related to use of the calculator in problem' solving/is 
present; almost all studies relate to attitudes, achievement and 
computational skills.- The NACQME, report;^^(1975) , Shumway (1976), 
and Suydam (1976) suggest that the calculator may have th6 potential 
to "free a subject ^ s mind*' to focus on the reasoning processes and 
problem solving strategies. If this is true, the immediacy and 
generality of outcomes could still be seen in attitudes, achievement, 
and computational skills. Hilton and Rising (1975) however, already 
point out that "singular dogmatic answers" and '*irrational reactions" 
have and will continue to focus attention aWay from the use of cal- 
culators in school settings. Suydam (1976) indicates an immediate 
need for research as well as development, in order to mitigate again64: 
criticisms and in order to determine ^the extent and nature of the 
calculator's potential as a 'problem solving todl. 

To investigate the development of problem solving abilities, ' 
analytic examinations of ,tKe develppment of mathematical processes 
as oppbsed to products is frequently cited as critically important 
(Kilpatrick, 1967; Suydam, 1976; Scheffler, 1975;. Kantowfiki, 1974). 
This focus on process is not only appropriate for investigating 
problem solving but also is necessary in exploratory studies ^ 
involving the calculators as well. As Suydam (1976) and the NACOME 
Report X1975) suggest, the calculator virtually assures the product 
in the^ treatment of problem solving provided accurate reasoning and. 
analysis of the problem leading to the development of process precede 
th^ calculations.^ . . 



Procedure * ^ 

In view of th^ need and the state of research on the calculator 
as a problem solving mediator, a combined experimental and clinical 
study was carried out. This study employed a Pretest-Posttest 
Control-Group Design ^nvolving an experimental group and two control 
-groups. Further, selected subjects from ..each group were clinically 
studied during the experiment J:o detenifine the ^extent and nature of 
the development of mathematical processes. The three groups, con- 
sisting of from 9 to' 16 subjects each, aire defined as*^ follows: 



Gi is defined as those subjects who^ were given specific Instruction 
In: 1; The Texas Instruments produced Introductory Algebra Calculator 
Mathematics, 2) selected heuristic reasoning , techniques", 3) Inductive 
'reasoning techniques, and 4) .analytic-synthetic reasoning, along with 
5) continued content instruction. 

G2: Those subjects who were given specific instruction and. 
practice witK: 1) specific heuristic reasoning techniques, 2) 
Inductive reasoning techniques, and 3) analytic-synthetic reasoning, 
along with. content instruction, but no work with the calculator* 

G3: Those subjects who were given specific Instruction in the 
use of the calculator for learning Algebra J, including the Texas 
Instruments produced Introductory Algebra Calculator Mathematics^ 

The .treatment involved topics taught during the last three months 
of Algebra I. Initial pretest data was collectjed in mid-March, 1977 
and posttest data was collected in ^mid-June, 1977>. 

Dependent measures of content knowledge and selected "reasoning'' 
abilities were used to collect data to assess differences among 
groups. They included: ^ > ' 

1. Cankton First-Year Algebra Test, ^ ■ ^ ^ 

2. Necessary Arithmetic Operations (fiTS) , 

3. Number Sequence Test, and' 

A.^Nonsense Syllogisms Test (RL-1 by ETS) . ^ . ^ * 

More critically, selected subjects from each of the' three groups 
were periodically given "typical Algebra I" word problems and complex 
novel problem to solve In a clinical, settings. Tape recordings of their 
"thinking aloud" were gathered for protocol analysis, "^e tentative 
answers to several questions were sought througl^ the analysis of these 
protocols. An example of the'questions is: ^Do process sequences' 
6riiibit * increased frequencies of the use of estimation and successive 
approximation as problem solving abilities develop under calculator' * 
mediation? ^ . * v 

Data were analyzed through analysis of coyariance,. with* the pre- 
test data being used as the covarate. Additionally, protocols were 
analyzed* through the process coding scheme developed by Kilpatrick 
(1967) and refined by Kantowskl (1974). (A slight modification of 
this scheme was necessary for this particular study.) The protocols 
arose from the administratioi^ of six v^erbal problems to eight subjects 
from each of the three group? at the outset of the study and from 
the administration of six vybal problems to the -same subjects at 
the end of the experimenta^l ^period. Data arising from the protocol 
analyses ware .used to compare the indlviduar^s pe^rformance on a partic- 
ular problem with.tfiGJ/her.^jOwn pirocesS-proauct median score as well 
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as to compare performances of an individual and a. group with the 
process-product scores of other groups/' 



Results 

Results of the analysis of covariahce for Algebra I achievement 
indicate significant differences among treatment groups. The 
ratio, F(2,31) =^4^49 is significant at P<.05. Adjusted mean 
scores were: 32.27 CGl) ^ 27.20>(G2) and 30.55 (G3) . 

Results of the analysis of cova.riance for Necessary Arithmetic 
Operations did not indicate significant differences among treatment 
groups. The F-ratio was F(2,31) - 2.11. Adjusted mean scores were: 
14.27 (Gi);.12v55 (G2) and 15.27 (G3) . 

Results of the analysis of covariance for the Number Sequence 
.Test do not indicate significant differences^ among treatment groups. 
The F-ratio was F(Z,31)< 1. Adjusted mean scores were: 12.48 (G3) ; 
i3.20 '(G2) and 12.74 (G3) . 

V 

Results of the analysis of covariance for the Nonsense Syllogisms 
Test indicate significant* differences among treatment gfoups. The F- 
ratio, F(2,31) =J.1.14 was significant for p < .01. Adjusted , mean 
scores were: 16.42 (Gi) ; 11.46 (G2) and 16.84 (G3) . 

* The results of protocol analysis indicate^rends toward greater 
usage of specific heuristics under- a combined problem-solving and 
calculator treatment. For. those subjects in Gl and G3 who showed 
increased frequency in the use of specific heuristics, there was r 
a corresponding increase in median process-product scores. and complete 
solutions on the fin41 battery of ^tests. . The questions that guided ' 
the analysis of protocol data along with tentative answers to those 
questions based on the data is included in the full report of the 
study. ^ ' ^ 



Conclusions 

Within the context of this experiment, a combination of calculator 
mediated and problem solving oriented Algebra I instruction appears 
t<^ produce greater improvement in Algebra I achievement than problem 
solving oriented instruction alone. In contrast, however, on the 
variable that has been designated as more closely related to deduction, 
significant differences favored treatment groups in which problem 
solving oriented instruction was provided. Protocol analyses produced 
evidence of trends toward improved usage of heuristics and more formal 
reasoning strategies. However, the data from protocol analysis did 
not provide evidence of marked improvement in completed solutions 
no^iof different effects on problem solving processes resulting from 
tWedlffer^nt treatments. 
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•yhe Evaluation of A First-Year Algebra Program: Fundamental 
^ Issues In Educational Evaluation - 



Jane Swafford 
, Northern" Michigan University 

and 

Henry Kepner 
University of Wlsccmsln-Mllwkuke^ 



Purpose 

^ During the 1976-77 school year, the National Splence Foundation 
sponsored a field evaluation of the experimental first-year algebra 
materials, ALGEBRA THROUGH APPLICATIONS, These materials were 
developed over a two-year period by Zalman Uslsk'ln under a grant 
fro^i NSF. In them, the usual skills and concepts are developed 
through applications and models rather than from the properties. 
The traditional Skills associated with first-year algebra are pre- 
sented but with the ^following exceptions: factoring of polynomials, 
fractional expressions and simplification, and artificial word pro- 
"blems. -^In their place, greater attention, is given to operations, 
linear expresslons^f* sentence solving, "&nd problems arriving from 
real situations. El-ementary notions from probability and statistics 
are Integrated into the course. The course is designed for the 
average student as a substitute for the traditional first-year 
algebra course. 



Procedure ' ^ 

Twen^ (20) schools tliroughout theJJnlted States were selected 
from volunteer schools on the basis of a geographic and community- ^ 
size dlstrlbutloti/ Th6 schools ranged geographically from California 
^<to New York and f^om Urban 'centers to rural pockfets. Each school 
selected to participate was contacted in the summer of 1976 and 
requested to submit the names of two equally-capable teachers, both 
of whom would be willing to teach the experimental material^. By a 
random process, one of the two teachers was selected as the experi- 
mental' teacher. Each participating school was also requested to 
provide, four first-year algebra classes, two conti;ol classes, and two 
experimental classes. Schools were further requested ^to randomly 
assign students in these four classes to^ their particular section. 
The two classes assigned to the experimental teacher ^constituted the 
experimental classes J The^e were taught using the experiniental 
Bjat^rlals which were provided, at no cost to the school by NSF. With 
the exception of a teacher's guide,. "Notes to the' Teacher," no guidance 
or in-service was provided to the experimental teacher. The control 
teacher taught the two control clashes using whatever first-year 
algebra materials were normally used in the school. .In all, there 
Were 2,A46 students participating in the study. ' 

31. ^ ^ s i . 



In the f^ll of 1976, the following four tests Vere administered to 
all Classens participating in the study; 




!• A 25-item, Likert-type Opinion Survey developed by the 
project staff incorporating items from Aiken, NAEP, and 
others; 

2, The Mathematics , Computation sub-te&t of the Stanford 
Achievement Test; Advanced Battery, Form A (1973); 

3. The ETS Cooperative Mathematics Test: Algebra I, Form A 
(1962); an^ 

4» A 28-item Consumer Test developed by ^pner. 

In the spring of 1977, the following four tests were also adminis- 
tered to all classes: ' - . - ^ 

1. A 25-item Opinion Survey containing items from the fall 
bpinion Survey together with items modified to focus 
specifically on algebra or the algdbr^ text; 

2. A Consumer ' Test , Form A or B, each consisting of 11 and 
10 problems, respectively, from 'the fall Consumer Te,st; 

3. The EST Cooperative Mathematics Test:- Algebra I, Form 
\A (1962); and , ' ^ 

4. ^ First-Year Algebra Test developed by Kepner. 

The computation test and ETS test were given in the fall in order 
to determine the relative ability levels of the students and the 
equivalency of the control and experimental classes. The ETS Algebra 
I Test was given as a post-test measure of achievement on many of the 
objectives common to- a br^ad spectrum of first-year algebra courses. 
^The First-YeSr 'Algebra Te^t was developed to measure achievement on 
those objectives ofV,the cohtrol and experimental materials not measured^ 
by the ETS Algebra"! Test. The Consumer Test was used to^ compare 
Improvement in the consumer prpblem^solving skills of regular first- 
year algebra students wijS" those presented an applications orientation. 
The consumer problems themselves did not require Jt^gebraic skills. 
The Opinion Survey was administered to monitor changes in attitude 
-i^elative to the enjoyment and usefulness of mathematics, as well as 
to obtain feedback from the. students on the texts. All tests were 
administered by the classroomc teachers according to, a schedule suggested 
by the evaluators. . ^ 

In addition to student testing, a site visit was- made to each par- 
ticipating school, textbook' evaluation forms were completed by^ both 
conttroli and experimental teachers, and end-of-chapter reports and 
chapter tests were submitted by the experimental teachers.. 
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♦> . * , / 

• ■ ^ ' ■ r 

Re sults , . ' ^ ' - 

Due to Incomplete data, only s.eventeen schools were retained 
In the final achievement analysis / In the across-school analysis, 
t-tests for 17 matdhed pairs (control matched with experimental in 
each of 17 schools) showed no significant difference between the 
two treatments on the Stanford Achievement Test and ETS AlgebrskJ 
Test administered in the fall and again on the ETS Algebra I Test 
and First-Year Algebra Test administered in the spring. * School--by- 
dchool t-test analysis yielded significant differences in favor of 
the experimental group in 8 of the 17 schools on the First-Year 
Algebra Test, and in favor of the control group in eight schools 
on the ETS Algebra I Test. Item analysis of two achievement post- u 
tests across schools showed significant differences favoring^the ^ \ 
experimental group on 13 items on the First-Year Algebra Test and 
significant diffe rences f avor ing the control group on^hree items 
on the First-Year Algebra Test and. 16 items on the ETS Algebra I 
Test. Overall, achievement between the control and Experimental 
- .groups was comparable when the entire spectrum of objectives and . 
school situations is considered.. 

Attitude data was analyzed by item across 19 schools. In the 
fall, there was significant difference between the responses of 
the experimental and control groups on only one of 25 items in the 
survey. In the spring, there was a significant difference favor- 
ing the experimental on four items and favoring the- control on one 
Item. The four items dealt either with the importance of algebra 
In everyday life, the enjoyment of word problems, or the explanations 
In the text. From fall to spring, there was a decline in attitude 
. In both groups on 10 out of 19 repeated items, with the experimental 
group experiencing a significantly greater decline on one item. 
Overall, the. control group found algebra more interesting while the 
experimental grou^ enjoyed word problems more. 

,The Consumer Test data was also analyzed by item across 19 
schools. Gains from fall to spring showed a significant difference • 
In favor of the experimental group on fiye items and in favor of the 
control group on two items. The experimental group showed a signifi- 
cant decline on one item. Overall, the performance of first-year 
algebra students on consumer-related problems was disappointing. 

Fundamental to any curriculum evaluation are a number of basic 
Issues Ini educational, research concenting a fair yet unbiased test- 
ing of. experimental^materlals . These include: ♦ 

1. How do you get schools and teachers which are truly ^ 
representative to test new material^? 

k*^ ' 2. How do you Insure that teachers teach' in the spirit of 
the new materials without extraordinary assistance and* 
in-service? i ^ 
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3. What degree of control can' the evaluator exercise over 
participating teachers and still maintain an authentic 
classroom setting? 

4. Does^ the* first year of use of a set of new materials 
constitute a valid test? ^ 

5. What is the magnitude and effect of the status quo bias 
on the success of experimental materials? 

Results of the present evaluation project must be interpreted 
in light of a discussion of these questions and with a^^nsideration 
of the unique circumstances in the schools involved. 



34 



Pocket-Sized Calculators Versus Seventh Grade Math Students 



L.. Waldo Rich 
Temple University 



Purpose ' - 

* < 

« Accordlng^ to a recent report In C)ianglng Times magazine, due 
to nominal , pricing, pocket-sized electronic calculators have' put 
remarkable problem-solving capabilities In the hands of m'llllons 
# or citizens. 



tlon 



This phenomenon was not taken lightly by the ,Matheiiiatlcs Educa- 
i^tlon Research Center (MEARC) of Temple University. ^ 

First of all there Is little available evlden6e to support the 
contention that these small computing devices make a difference In 
terms of how young students function In basic arithmetic computation. 

Under the directipn of D^. Jesse' A. Rudy\ick ot the MEARC staff 
a cooperative research project commenced during the Ikll/of 1975. 
This research project was planned to .extend a one -year period and' 
to- include a mutual participation from industry, the University and 
a public school system. The major questiqnyof ^ concern was - What . 
impairment if any do calculators pose for students learning arlthmetljcf 

Consequently, the Monroe Calculator Company became involved and 
Bjade agBTOflmately $l6",000 worth of' their hand-held mlnl^calculators 
available. - ,The West CJiester area public schogl system,, Involved sUx 
classroom teachers and more than 7O0 students- in their seventh, grades 
as a population for -the study. ' ' ^ 

The calculator study was initiated to determine what Impact if 
any the availability and^ use of' a hand-held calculator: would have, 
upoji the achievement and a^titud^ toward mathematics of seventh 
grade students. ' ' • 

Specifically the study was designed to answer the following*-- 
questions: 

\ ^ ^ ■ 

1. Would the availability^and use of a hand-jield clalculator, 
ovett time, affect the students ability to perfd^ the 
basic computational skills without th^ calculator? 



2. ^ Would the availability and use of a hand-h^d calculator, 
ov^r time, affect the students* attitude toward mathe- * 
oatics? * * 
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3, Would the availability and use of a hatid-held calculator, . 
over tlme,^ affect the students^' overall achievement In 

, mathematics? * . « 

^ . ■ ^ ' , • V ■ 

4, Is there any relation between sftudent dexterl^ty and the ^ * 
students' achievement with the calculator? 

In addition the stu^ a,ttempted\to assess ^the attitude. of parents 
toward the Inclusion oTf tn^>v^alculator Ihto, school programs. More 
specif l<;allyr \ . ' \ , • , ~ 

^\ - ' ^ • 

5, What are the attitudes of parents toward the use of a ' 

calculator by their children In the school mathematics 
class? 1 » , , ' ' ^ ^ M 

r 6'. What change, -If any, occurs In parent attitude tow^ard the , 
Inclusion of a calculator in the school mathematics class-* 
room after the pa^eAt's child has used the calculatot ^f or 



an entire sclTOol"^ear? 



Procedure h 

* The MEARC staff organized the -study. Involved the West Chesteir 
faculty In the planning, and was responsible' for the collect iop,'^ t 
Interpretation and dissemination at the data and fi'^idings under the 
direction of Drs, L, Waldo Rich and David- Kapel, ^ 

^ ' — «• * 

Students participating in the study dt-tended the North Junior 
High School and the Stetson Junior High School. Ai^roximately one-'^ 
half of the seventh grade students in these schools\were assigned 
to the experimental^ group, while a similar number were designated 
as a control group. The' selection and assignment was done -randomly 
by the schpol administration under the direction, of Dr> Bruce- Burt, 
Director of Mathematics.' Each^of the six teachers participating in ^ 
the study had four classes: tWo experimental arid two coritrol. * « 

The experimental group had mini-calculators availably to them 
each day for use in their mathematics classes during the fall. of 1975 

>nd spring of 1976. During the Summer 1975 the^MEAHQ staff, under 
the direction of Drs.^Krullk, Wllderman and Mrs; Ndla Blye,' developed 

,a training manual for the calculators. * . - i ' ' 

The currl6ulum for both the experimental and control, groups was 
constant, namely, the topics which the district felt cdUld ^e covered 
in the seventh grade, Holt School Mathematics text. 

* • • 

After a brief period with the calculators at the beginning of 
the school year, fall 1976, the students ;were "on their- own" as to 
how and when they would use the mlnlrcalculators^^^e students, kept » 
a log of when and for what operations 'he *or ^e the* calculatdr 

during the day. \ ' V> ' ' ^ . * ^ . 
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All th^ students were 'pre-tested In several important areas. 
One question under investigation was whether or not manual dexterity 
enters into the eye-hand coordination. Since this can easily affect 
the student ''s. use of the calculator/ th6 MEARC staff utilized a form ^ 
of the Gestait .Bender Test to measure ^this dexterity, and hoped that^ 
the, study would reveal some correlation between these factors and^.the 
use of the calculator . 

Since student attitude toward mathematics is an important factor 
In performance, students wel^e^ested on a pre-post basis to determine' 
any change in their attitude. For thi-s purpose^ ,a f q^riia of the atti- 
tude instrument found in the International Study of ' Achie^^ement in 
Mathematics was employed (Husen, ^967). 

The parents of all the: students in both the experimental and 
control groups were surveyed^ior attitude and ail of the mathematics 
teachers in the West Chester schools were also queried in this area. 

Standardized tests in both problem solving and computational 
skills were administered- to participating students by the West Chester 
faculty, and the same tests were given at midsemester and again at 
the conclusion of the study in an attempt, to determine what effect 
the availability and use of the caiculator h^d upon the computational 
and problem solving skills of thi students. Specifically, the COOP 
Test of Arithmetic Skills (ETC) was adminigtefed to both the experi- 
mental and control groups before, halfway- through, and after the ' \ 
school year 1975 to 1976. Three parallel forms were employed. Fifty 
Items comprised this test which are distributed unequally in problem 
solving and arithmetic computation. ' , 

computation test designed by the West Chester School District 
compris^ of 26 items dealing with basic computation facts was 
adminis Jred at the end of the year pemnitting those students who 
receivedlthe calcu lator treatment to use their calculators during 
the test Vhile the control ^oup could not. 
^ * 
The research design was established to permit prfe-lnterlm-post 
^"^ysi^-Pf all data collected 90 main Effect Variables- delated to 
acMev^ment and attlt,ude. Provisions- wer^ also made 'for the collection 
and evaluation of summatlve data. Test analysis Included t-tests, 
Pearson correlations and analysis of variance. All computations were 
facilitated by Temple University CDC 6400 computer. 

Results ; ' \ 

. . \ 

Although the work of the MEARC staff continues it ^is felt 
reasonable and honest to report the following- results as sound and 
conclusive. 
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Analyzing the results on an administered computational test to 
M>oth experimental and control groups and allowing the experimental 
group (the group which learned how to use th6 calculators) to take ' 
the test with a calculator, It was found that the groups did not ^ 
appreclaW.y differ In arithmetic achievement and computational 
skills. Further, the tJEARC staff feels on good grounds to conclude 
that calculators. don't harm children. It can further'be offered 
that total performance differences leaned In the direction of the 
group (experimental group) which, used the calculator. 

.Although some parents felt consternation at tlTe outset, their 
attitude moved In a positive direction at the end of the ^study. 

Slight positive correlations were uncovered with relation to 
dexterity and achievement, indicators; however, these correlations^ 
were t/oo weak to merit conjecture. 

The correlations between control and experimental group in all 
areas of achievement were high, which suggested that the performance 
of the control group was not greatly dissimilar to that of the 
experimental group. 

Further, it was f o^^Qfl^ that at the end of the study both groups 
improved across the study^ but surprisingly enough, the improvement 
was at the same rate. \ 

In terms of student attitude, the control ^group leaned in the 
direction o^ positive change from beginning to end while-^the experi- » 
mental group seemed to be leaning in a negative direction. This could 
be explained by the^extra work it took to acclimate students to 
calculators, associated with a self-fulfilling prophecy on the part 
of students that they "must" use the device. Students were informed 
that using or not using calculators was their decision. However > 
this ol)sei;vation was not supported by statistical significance and so 
shauld not be taken out of the confeext of the total data to which it 
was a part. . 

F.ifially, one popular viewpoint suggests that aids to computation 
stifle the understanding of ^ basic arithmetic processes. Yet another, 
asserts the divine pr;Lnciple that with calculators our boys and girls- 
will be saved from the wrath of math. However, this study rather 
conservatively suggests that calculators neither exceptionally enhance 
nor do they hinder growth in mathematits. To say the least v. some 
learn with and some lerftn without calculators. 

\ 

\ " ' . ' ' 
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The Nature of Spatial Ability and Its'Relationship to 
. Mathematical Problem Solving 



Barbara Moses 
Indiana State University- EvansviJLle 



-i 



Purpose 

Interest in problem solving has clearly grown in the past > 
five years. Research studies have- attempted to: (1) refine the 
definition of ixroblem solving; (2) evaluate the complex strategies 
involved in problem-solving behavior; and (3) assess the abilities 
needed to be successful in problem-solving situations. 

This investigation attempted to analyze one specif ic -ability 
that has arisen as a possible factor in successful problem-solving 
behavior, namfely spatial ability. The investigator attempted to 
answer the following general questions: ' 

1, In analyziiig the intellectual abilities of an individual 
. using existing instruments , a distlnc-t, indivisible 
•quantity, called spatia^ ability, be detected? 

Is there a significant relationship between sp'atial ability 



and problem-solving performance 

3.- wHat effect, if any, will instruction in certain perceptual 
techniques have on spatial ability? On problem-solvifig 
performance? 



Procedure 



• The study consisted of two phases. The first phase" explored 
the nature of spatial ability and how it related to problem solving, 
based on pretest data information. The second phase was an instruc- 
tional-phase, followed by a postteSt period used to assess the effects 
of the instruction. 

* . • ^ ' ■ 

The study was carried out over an 11-week period during the first 
■semester of the 1976-77 academic year. The sample population con- 
sisted of four intact fifth-grade <:lassrooms , totaling 145 students. 
All four classes were given the pretest and posttest batteries; two 
of the four classes were randomly selected as experimental classes-' 
and received the instruction in perceptual techniques. ' 

The pretest and posttest batteries were the same set of six 
tests. Five of the te^ts were spatial ability tests that had been ' 
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^ selected after aii extensive review of factor analytic studies and 
^tet pilot testing to deteraine df * the tests were appropriate ifoFr 
fifth-grade students. The five spatial tests chosen were: ?unchea. 
Holes Test, Card Rotations Test, Form Board Jest, Figure Rotations 
Test, and Cube Comparisons. Test. The sixth test was a Problem-' • 
Solving Inventory 'designed by the investigator. This inventory 
consisted of tenprobled^: fciyr spatial problems (i.e. problems 
solved most efficiently By AjJictures;* graph§, diagrams, tables ^ and ' 

* lists), three analytic problems (i.e% ,prohlems solved most efficiently 
by computational techniques^and .number sentences) and *three equally 
spatial and analytic problems. ^ - *. \ ' 

The, spatial » ability ^score was computed ,by summing the z-rscores 
on the five spatial tests. . The problem-solvinfe performance score 
was computed by the number of correct responses to the ten problems 
on the Problem-Solving Inventory. The degree of visuality score^ 
(an indication of how much an individual uses i5ictures, ^aphs, ^ 
tables, etc. iit^solvirtg problems) was computed by assigning a score /> 
of 0, l,^or 2 for each item on the Problem-Solving Inventory and 
, then summing across all ten items. ^ 

The pretest data collection occurred during the first week^of 
the study. The instructional period lasted for nine weeks. The ^ 
posttest data collection occur^red during the, llth week^ ' * 
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In'addition, several EEG measures were tal^e'n in or^er to ^ ^ 
cowoympe the results? The EES measures brain, hemisphere activity, 
wheref lef t hemisphere activity .is associated with analytic thinking 
and right hemisphere activity is a;Si3ociated with spatial Jthinking. 

Resul ts ' ^ 

1. Four of the five spatial ^tests hung -together as an indivisible 
construct based on: (a) Pearson product-moment correlations between 
.each other; (b) fact^or analyses;' and (c), regression analyses The 
fifth test, namely Cube Comparisons, did not correlate significantly 
with the oth^r four test3 and came out On a separate factor.. The • 
EEG data served to 'confirm the^ author's hypothesis ^concerning this [ 
finding; the other /four tests w6re pure spatial ftstd (right hemi- 
sphere activity) whiie^ Cpbe Comparisons could be solved' analytically 
(left hemispheref activity). - • . ' 

A second and third administration of seven spatial tests (the 
five original tests plus two additional tests) Indicated that 3patial 
ability was an indecomposable 'ability, contrary to previous* factor 
analytic results ^s^i'owing that spat]3ual ^ability could be separated into 
twd components. , ' \. : 



2% Spatial ability was found to correlate slgnlf|.Can.tly with probleln- 
sblvlng perfotmance, and, to a lesser extent^ with degree of ' visuality 

.1 ' ^ 
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however, problem-solving performance and degree of visual! ty did not 
correlate significantly (based on Pearson product-moment correlations) . 
An individual with high spatial ability will do well in^problem- 
solving situations but will not always use visual solution processes. 
Again, EEG data conf irmed^the author's hypothesis about this finding. 
The EEG. data indicated that the high spatial 'ability individual may 
not be writing down vistial images, hut they are .taking place in 
his brain, as the right hemisphere activity indicated. In other 
words, the high spatial ability individual may not find the need to 
write down thfe^e visual processes. Since the degree of visual/ty 
score was based on written work, the statistical results are not 
surprising'. 

3. ^ The classification of problems as spatial, analytic ,£>t^ually 
spatial and analytic is a meaningful and consistent chara^erlzatlon. 
The tenproblems in»the Problem-Solving Inventory were originally 
classified according to Individual oral interviews in a pllo^-tes^g 
situatlonv^^Jhe problems were re-classified, judging a problem ta^v. 
be spatial if; (a) it has a high mean degree of vlsuality score based 
on written work; (b) its man score correlates significantly with 
spatial ability; and (c) EEGs show much right brain hemisphere activity 
by students trying to so;Lve the problem. In general,^ problems 
classified as. spatial u^lng'one definition were fouriS^o be s>atial ^ 
fay all four definitions'. ' ' 

¥ — 

4. The Instruction affected significantly spatial ability and 
problem-solving performance on spatial problems, but did not affect 
degree of vlsuality (all based on analyses of covariance, ^using 
pretest measures as covariates, in order to factor out initial, ^ 
differences between control and experimental* classes) . This finding 
indicates that spatial ability is a modifiable quantity (contrary to 
research studies claiming that spatial ability is genetically deter- 
mined). The finding also indicates that problem-solving performance 
can fae improved by spatial Instruction; it would behoove mathematics 
educators to consider including spatial instruction as part of the 
regular .mathematics .currlculu^n. 

No differences were found in instructional effects between 
males and females or between high and low spatial ability students. 
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An Exploratory Study of Fourth Graders* 
Heuristic Problem Solving Behavior 

" Kil S. Lee ^ 
University of New Orleans 



Purpose ... 

^ T^e primary purpose of this investigation was Cl) to study how. 
young children (fourth graders) attempt to solve word problems, and 
(2) to stu4y whether young children can us^ heuristics appropriately 
and effectively in solving word problems. Heuristics^ were cons^de^red 
as questions or advice a problem solver may conscientiously consider 
when solving a problem. 



Conceptual Framework ^ 

This study considered three aspects of an educational situation: 
when to teach, what to teach, and how to teach. Bruner C1963) , 
Piaget (1964), and. Polya (1957) emphasize that the learning siluatfon ' 
should be centered around the learner, particularly, the learner's 
^ognitive developmental stage. Polya' s heuristics (1957) were adapted 
^considering the developmental stage of the subjects Cconcrete opera-' 
tional) and the ^gr obi ems found in the fourth grade .textbooks . Polya 's 
.teachin^^ method "(1957), imitation and doing. Was used. The clinical 
method wa'fe'chosen for this study. This method allowed the investigator 
to observe each subject involved in problel!r\solving and to ask probing 
questions interided to uncover the ihner ^dynami^cs of the proce^ of 
problem solving. 



Procedure • . » 

'( ' ' 

/ The investigator selected two groups of subjects, experimental 
ai^a control. The 16, subjects were selected? on the basis of 1) two 
Plagetian problems. Equilibrium in the ^Balance and Oscillation o'f a . 
fendulum, and 2) teach^er's recommendations. Eight of the 16 subjects 
were recommended as average achievers and Slltisfied Piaget 's criteria • 
of II-A cognitive^Jevel on both problems. The other eight subjects 
were recommended as -high achievers and satisfied- Piaget '.s criteria-, 
of Il-B cognitive level on hoiii problems, . 

The experimental groups, four tl-A:'and four II-B, received 20 
sessions ot instructions in the use o£^ heuristics when solving word 
problems. Each instructional session lasted about 45 minutes and 
was pompleted in eight week?. , Two pre-&xperimental interview problems 
and six post-ex;perimental interview problems were given to all 16 
subjects. Four weeks after the ^ost-experimental interview, two word 
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problems were given to the experimental subjects as part of the 
delayed post-experimental inter^/iew. Each interview session was held 
in an individual clinical setting where audio recordings, student 
worksheets, and investigator remarks were collected. These were -the 
basis of the jqilantitative and qualitative analysis of the study. 



Results 
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In the post-experimental interview, the experimental groups solved 
35 of 48 problems successfully or 73 percent. The control groups 
solved-. only 3 of 48 problems or 6 percent. The delayed post-experimental 
interview indicated that the experimental subjects retained the appro- 
priate usage of heuristics in solving problems. Nearly 80 percent of 
the problems were solved successfully. 

The control groups showed no change in frequency of usage of heur- - 
istics from pre- to post-experimental interview." The^ experimental 
groups* use of heuristics increased noticeably from the pre- to {)ost- 
experimental problem solving. The expeifemental subjects were able to 
select an appropriate heuristic for nearly. all the post-experimental >^ 
interview problems. There was a clear difference in the usajge of heur- 
istics between the XI -A and th^ II-B experimental groups. ,A more 
detailed reporting of resiilts, particularly qualitative results, will 
be included in the presentation of the paper. 

Since this study was exploratory, definitive conclusions cannot " 
be provided. The goal was« to generate hypotheses based on the observed 
.results and the theoretical rationale of the study. The generated 
hypotheses were as, follows: ^ "^^^ 

1^ Modification of Polya's heuristics can be effectively incor- 
porated into the problem solving experience of fourth grade 
students in the sense that the children (a) are capable of 
> using the heuristics when attempting to solve problems not 
encountered before and (b) will be more successful in solving 
* the problems attempted. ^ ^ 

2. There is a relationship between cognitive levels II-A and 
II-B and mathematical 'achievement at the fourth grade. 

3. In a problem solving situation where multiplication is 
appropriate, II-A childrefi use additive procedures and 

- , II-B children use multiplicative as well as additive pro- 
cedures. : " • . 

4. Some proportionality problems can be solved by concrete oper- 
ational children if they^learn to use proper heu^ristics. 

5. Some' combinational ^profelems can be solved by concrete opera- 
, tional, children if they learn to use appropriate heuristics. " 

6. There are diffei^enc^ in the interpretation of certain heur- 
istics by,fotirth graders. 

' 38 43 ' 
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The Effects of Three Key Organizers on Mathematical Problem 
Solving Success with Sixth,, Seventh and Eighth 
^ Grade Learners 



' Kenneth E. V^sT 
College of Saint Catherine 



Purpose 



Problem solving ability as demonstrated by a learner has beep fre- 
-quently citjed as an essential goal of secondary and elementary s^chool 
mathematics education. - Nevertheless the major emphasis of the role of 
problems in a mathematics curriculum has been- relegated to what are 
dbmmonly referred to as word or verbal problems and translating these 
j[nto number sentences. Also, activities exhibitefl by the'leamer in' 
solving mathematical' problems frequently focused on the narrow range 
of possible answers and not on the possible means or methods of solv- 
ing these problems. Recent research seems to support the hypothesis 
that specific instruction In (Certain problem solving behaviors or 
^activities can enhance problemTsolving success*. These behaviors can 
•be-described as organizers'^of information that facilitate perceptive 
conjectures and provide an orientation and focus' for the learner. 
Organizers' can be considered prerequisite abilities for certain 
heurist'ic techniques that have been shown to be effective in solving 
N problems. ' ^ 




A partial list of organizers that emj>fiftly some potential for 
Increasing success in problem solviilg "Is given below. This list will 
be identified as ' key organizers since they possess the greatest pdten- 
tial fdr bpening the blocked/goal to, the solution of the problem. 

The key organizers are the folloMng,: 

1. * Choosing appropriate notation to represent information. 

2. Identifying the available, explicitly stated information. 

3. Recall of related, implicitly stated information. 

4. Constructing a chart or table. 

5. Drawing a diagram or picture. i 

6. Constructing and/or using a physical^ model'' 

7. Approximating and verifying. 

8. Making a simpler problem. 
9» Using resources. 

10. Making an equation, inequality. * 

This study will focus on only three of the key'^organizers . These 
will be drawing a diagram, approximating and verifying, ajid construct- 
ing a chart or table. 
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The three ^key organizers studied may be described as follows: 



• Drawing a diagram . — Given a probl'em, a sketch is drawn of the 
situation that includes many of ihe conditions of the problem. 

Approximating and verifying . — Given a problem, a reasonable ^ 
approximation of a possible solution is made. This is followed by 
a verification of this approximation with the conditions stated in ■ ^ 
the problem* 

Constructing a chart r — Given a problem, a table or chart is 
constructed involving most ,of the possible conditions of the problem. 
This chart could show a pattern developing from the conditions of •the 
problem. 

Related 'to the description of the key organizers is the question 
concerning instruction in these organizers. In other words, is it 
possible to instruct students in these key organ^-zers? Also, if 
students learn these organizers will they employ them in problem 
solving situations?' Aire there certain learning styles which reflect 
successful problem solvers? What key organizers do students possess 
before instruction? Is there an)r relationship tietween effective 
application of these key organizers and success in problem solving? 
Is there any relationship between success in problem solving and 
practical judgment? 

The pi/rpose o'f the ^tud]^ is to determine if ^ the three key organi- 
zers — drawing a diagram, approx;imating and verifying, constructing - 
a chart-^an be taught to stuc|ents and exhibited by the stu^lents as 
an effective tactic of solving problem tasks. 



Procedure 



Situation: 
Grade levels: 
Selection of Ss: ^ 
Number of Ss: 
Description of Ss: 
Instructional topics: 

Mode of instruction:^ 

Number of presentations : 
Instructional sequence: 



Length of Instruction: 



within a schoal organization 
6th, 7th, 8th 
random within grade level 
7 for each grade level, total 21 
instructional history, academic achievement 
drawing a diagram, approximating and veri- 
fying, constructing a chart. * 
teaching experiment, student guidesheets 
for each presentation. 

6 presentatjLons for each topic, total 18. 
presentation of individual topics is in a 
lateral movement in a cyclic manner; that is, 
within^each topic the presentation ±3* ' >f 
sequenced for difficulty and the presenta- 
tion for a particular topic occurs §very 
third situation. 

14 weeks, . ' 
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Preassessment 



Assessment by teacher (s*) of S's math ability • 
Learning Style Inventory m 

Problem Solving Test I: set of three problems that could be solved 

by involving at least one of the three key 



^ organizers. 

individually 'administered; 
written 'response; 
talk aloud-audio record 

process code;. , 
product code., 



Mode: 

Scoring: 

Pbstassessment ' < 

• Practical Judgment Test 

Problem Solving Decision Test 
Format: 



J 



Mode: 



forced choice; six, problems with the three key 
organizers as choices; same problems as Problem 
Solving Test II 

group administered; 
written responses 



Scoring: weighted response score. 



Problem Solving Test II j 



set of six probletiis that could be solved 
by involving a^t least one of the three 
key organizers. ' 



Mode: individually administered; 

written* responses;- 
• talk aloud-audio r*ecord 

Scoring: process code; 

product code. 



Results 

Although dat:a analyses are incomplete at this time, preliminary . 
findings indicaxe that a teaching experiment with problem solving key ' 
organizers can/ increase .the effectiveness of solving pfxinems^Sy^isShT" 
seventh and eighth grade learner^. A' more detailed reporting* of results 
will be possible^at' the time of the presentation. " ; 
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Conservation of Equation, Junction, and Structure and Its 
Relationship' to Formal Operaplonal Thinking 



4" 



Slgrld Wagner 
University^ of Georgia 



Purpose . ' * 

^ The primary purpose of the research reported in this paper, was to 
investigate the relationship between the ability to conserve equation, 
fiinci^pn, and structure under a transformation of literal variable and 
thd ability , to use formal operations in solving typical Piagetian tasks. 

Conceptual Framework . 

\ 

« * Or / 

A pattern is a relationship among two or more elements which\is 
invariant under certain transformations of at least one element, A 
geometric ^pat tern, for instance, is invariant under certain transfor- 
mations of the objects, materials, or colors which comprise th6 pattern, 
A musical pattern, or melody, is invariant ^.under tran^osition to 
another key. A behavior pattern may ,be repeated eitherjby the same 
person under different circumstances or by different peiple under the 
same circumstances. Abstract ma^thematical structures ^uch as groups 
or fields, are patterns which ar^e invariant under certain transforma- 
tions of elements,, operations, or variables. 



To exemplify a pattern, it is oraPlnecessary to select particular 
elements related according to the pattern. To define a pattern, ^n the 
other hand, it is necessary. to represent individually, yet simultaneously, 
all elements which might comprise, the pattern. The symbols used to 
represent these various elements individually and simultaneously are 
variables, as used in mathematics^ Because a. pattern depends only upon 
the relationship cotomon to all of its exemplars, and not upon the symbols 
use4 to define it, any pattern is invariant under a' transformation of 
the variables used In defining it. \ 

♦ " , • 

The algebraic patterns of equation and function are among the first 
patterns .which students typically see defined mathematically using varia- 
bles. • Although equations and functions, like ^11 other patterns, are 
invariant under transformations of variable, this fact may not be imme- 
diately clear to students , encountering the use of variables for the 
first 'time. Because the symbols most often .used as variables in 
mathematics are letters' of the alphabet^ students may at first tend~to~ 
associatia the alphabetical order of letters with the numerical order of 
th? numbers represented by the letters used as variables. It is onl}f 
when the student realizes that letters' in the ^context of algebra are 
completely arbitrary and Interchangeable symbols that the student may 
fully comprehend the concepts of equation and function. " ' 
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i ' ' 

Similarly, students ^Irst ejicounterlng mathematical definitions 
of abstract structures cann'ot ^appreciate the essence of a structure 
until they realize that the structure pattern is invariant under 
transformations, not just of variables, but also of elements and 
operations. ^ ^ \ 



1 



( 



Just as P.laget has' used conservation tasks to measure children's 
understanding of certain ' concepts , one way of measuring a student's 
understanding of equation, function, pr structure is to test the 
student's ability to conserve equation, function, or 'structure under 
changes of variable and other appropriate transformations. The methods 
used, to test for conservation of pattern In this research are compati- 
ble with the techniques used by Piaget and others *and may, . therefore, 
eventually l^ead to an extension of Piaget 's model of cognitive develop- 
ment Into the realm of ^highly abstract mathemat'lc^t-thinking. 



Procedure ^ . . . 

The research reported herein Includes the results oJl! two separate 
studies, one already completed and one to be completed in the near ' 
future. Taskfefwere devised to test for con^ervatioa of equation, func- 
tion, and structure. Other tasks Involving concepts such as proportion, 
syllogism, and Cartesian product were designed to be similar to those 
used by Piaget and others to Identify formal operatj^onal' thinking. 

In the first study, six tasks were -administered In individual 
interviews to 72 New York City public-school students, 12, boys and 12 
girls at each of three age levels: 12,, 14 and 17 years of age. The 
order of the tasks wa§ 'varied to control for practice effe/^ts among ' 
the Plagetian tasks an4 learning effects atiiong th€< conservation tasks. 
All Interviews were conducted by the Investigator and wei^e audio-tape- 
recorded. In addition, written notes were\ made on each student's 
responses to the tasks. The responses were then classified and scored 
from the written protocol according to criteria consistent with Plaget's 
theory of development. 

The second study Is an extension of, the first to Include college 
students with a variety mathematical backgrounds^ and tasks which 
may require a higher level of mathematical so{)hlstlc^tlon than some 
of' those used In the first study. 



Results 



Using a chl-square goodness-of-f it test. It w^s found In the first 
study that (a) significantly (p <.01) more students conserved equation 
but not function than conversely; (b) significantly (p <*001) more 
students conserved equation but were not formal operational on the 
proportion task than conversely; <c) significantly (p<.OQl) more 
students conserved equation but were not formal operational on the 
syllogism task than conversely; (dT significantly (p<.01) more students 
•conserved function but were not formal operational on the proportion 
tasjk than conversely; (e) significantly (p<.001) more students were 
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formal operational on the combinations task but ^iid not conserve function 
than conversely. 

In addition, it was' noted tliat nearly 50. percent, of tbe 12-year- 
olds and about 83 percent of the 14-year-olds in this study. conserved 
equation, whereas about 20 percent of the 12-year-olds and 50 percent 
of the 14-year-olds conserved function. The performan^ of the 17-ryear 
olds was similar to that of the 14-year-olds in this ^dy. 

Data analysis for the second study has not' been comiiiete'd. • 



Conclusions 

The results ok this research suggest that ! the ability to conserv^ 
equation may be aclquir^d, in general, prior to'^the abilij;,y to conserve 
function and prior to the^ onset of formal operational thought as 
presently defined. Further studies may clarif^^ the relationship^ 
between formal thought and the ability to conserve function and 
structure under various types of transformations. 

The results of this research clearly show that it is not riecessary 
for a student to have formal traiaing in algebra in order to conserve 
equation and functjLon. Moreover, the responses to the conservation ' 
t^sks indicate that students' who do not consen^e equation an^/or func- 
tion may indeed associate alphabetical order with numerical order when 
they first encounter letters used as yariabl^.- Teachers who are aware 
of this tendency may be able to dispel ^som^ Contusion by emphasizing * 
that letters used as variables are completely arbitrary and interchange 
able symbols, that, alphabetic order is l^i;felevaot In the context of " 



•algebra. 
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The Ability of First, Third, and Fifth Grade Children 
to Perform Rigid Transformation Tasks - 

\ 

Karen A, Schultz 
Georgi^i State University 



^ Purpose 

The purpose of this study was to investigate the ability of first, 
third, and fifth graders to perform rigid transformation taisks. The 
tasks required the child to reassemble parts of a meaningful configu- 
ration showing what the configuration would look lil^e if it were 
displaced by translations, reflections, and rotatioi^s. 

Conceptual Framework 

< 

The conceptual framework for this study has been developed in 
large part through involvement in the Space and Ge^pmetry Working 
Group of the Georgia' Center for the Study of Learning and Teaching 
Mathematics. In particular, it was influenced by Lesh- (1977) and 
the research of the other Working Group members scheduled to appear 
Spring 1978 as a monograph published through the ERIC ^Information 
Center. 

An earlier investigation (Schultz, ^1977) found that an intuitive 
understanding of transformations was already present in the elementary 
school child^s thinking. This investigation also obtained criteria 
for predicting relative difficulty of transformation tas^s. -The pre- 
sent study attempted to further analyze the child* s thinkljig oi 
translations, reflections and rotations. In particular. It repre- 
sents a continuing study of the figurative and operative aspects of 
concrete jnanlpulative ihaterials and activities for transformation ' 
geometry in the elementary school classroom. It is important to 
have a theoretical base for the use of materials and accompanying 
activities in any area of mathematics learning, especially when the 
development of' spatial skills is involved. It** is thtough th^e skills 
that complex mental structures are formed so as to facilitate the 
process of abstracting. 

The present study asked the following questions:- (1) are there 
differences in children *s understandings among the three transfomia- 
tions? (2) does the direction o^f the displacement effect the child's 
performance? (3) what strategies are used to solve the trans forma tiotf*' 
tasks? (4) does the child's ability to perform the tasks— i^elSte to 
mathematics achievement as determined by standardized tests? (5) 
Is there a difference in perfomance between T)oys and girls on the 
tasks? ^ . 
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^■^rocedure 

The experimenter ihdiv-ldually interviewed 120 students in a 
suburban Atlanta, Georgia, elementary school. There were 40 first ^' 
^ graders, 40 third graders, and 40 fifth graders with 20 boys and 20 
girls in each grade^_^he subjects were each given five translations, 
five reflections, and five rotations displacing a configuration in 
each of five different directions. The distance of each displaoe- 
ment was four cm. 

* \ 

The subject was first shown a sailboat made of two flat wooden 
pieces diffiering from 6ach other in shape and color. This sailboat ^ 
configuration was glued on an eight cm square sheet of cleat plexi- 
glass and then covered by another similar sheet. ^ The experimenter 
moved the top sheet as a translation, reflection, or rotatio'n. The 
subject was then asked to place two wooden piece^ik^ the pthets on 
the displaced sheet of plexiglass to show what the configuration would 
look like if it were moved in like manner. . • - 



Analysis 

The subjgpt^s placement of the wooden pieces for "each of the 15 
tasks was recorded by an observer. Each task response was then 
evaluated using a scale of zero to four according to tke^^oc^tion and 
position of the shapes. A score of four indicated that both pieces 
of the sailboat wete in the correct location and- orientation on the 
plexiglass sheet. 

The data were analyzed using an analysis of variance with 
repeated measures. Variable^ considered were grade, sex, isometry 
(slide, flip, and turn), and direction of isometry. Significantly* 
m^e first grade boys were able to perform the tatsks than first 
grade girls. No other sex differences were found. A signif|,cant 
isometry by direction interaction indicated that chil^dren had coji- 
siderable difficulty with diagonal flips. Slide subscores did not 
differ across grades, but flip and turn subscores did differ.' 
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An Examination of Student Perceptions, of Relatedness Among 
Mathematical Wor4 Problems 



Edward A. Silver 
Northern Illinois University 



Purpose 

* * 

The purposes of this study were (1) to* o^mihe the problem similar- 
ity .-dimensions perceived by a student when cl^sifying ^mathematical word 
P^o^.i?°^ related, ajid (2) to examine the relatiqnship between a 
student's perceptions of problem similarity and. his performance on a 
variety of individual difference measures, 

^ * / 

Conceptual Fraipework ^ ' ^ 

In his classic treatise on' mathematical problem solving. How to 
Solve It, Polya (1957) has suggested a series of heurisfic precepts that 
jnay be useful in the solution of a mathematical problem, .For example, 
Polya has suggested that' when one is devising a plan for Solving a pro- 
blem, it' is often useful to think of a "related" problem. 

It is reasonable to assume that many mathematics teachers suggest 
this{ advice to their students. But how do students interpret the word 
"relaterd'^? If they consider "related" prgblems when it is suggested, 
are the problems related in a matliematically useful way? 

' '^^ ^ . * ' > * / 

^ ^ The answers to these questions may T)e fundamental to an understand- 
ing of, the psychological implications of Polya's logical suggestion. 
^In fact,, the answers mAy help to provide increased understanding of 
the modes of information processing thai are^ helpful in mathematical 
problem solving. ^ 

1^ Research evidence related to students' perceptions 6i problem 
relatedness is >scafce. Krutetskii (1976) discerned both 'qualitative 
and quantitative difference? betw^n the memories of good problem 
solvers and the memorie^ of poor*pxoblem solvers. Specifically, he ^ * 
found that good proBflem solvers tend "to recall the structure^'of a"*^ 
problem for a long time, where^^ problem solvers- tgnd to. remember, 

if anything-^at at^l, the details of • the problem' statement, fiis research 
has pointed to differences in the .way good .and poor problem solvers 
perceive the important aspects of prob-lem.-* - . \ 



First Phase 

Procedure ' ^ 

..... i ' ■ 

The priircit)al technique used to examine students* perceptions of 
problem similarity \^Ss- a;t:ard-sorting t^sk (CST). The CST problems 
were written so^that they varied systematically along two problem 
similarity dimefr^ions — mathemattcal structure and contextual details. 
Students formed groups o£ prablems that they 'thought were "matheinati-" 
cally related" and explained their basis for categorizing them. 

Thfe CST wa& administered to* 98 eighth grade students on two occa— 
sions: Once, before and once*after they attempted to solve the ^ 
problems. In the time between ^the two sorts^' 'each student- attempted 
to solve each problem. Students were also assessed using measures 
of verbal IQ-; nonverbal IQ, mathematics coi^cepts- knowledge /computa- 
tional ability, and problem-solving ability. - v 



Results ^ ^ ^ 

- Analyses of students* criterAa for categories formed in the CST 
indicated that they were associating, problems along four p.roblem ' 
sipilarity dimensions. The structure- and context dimensions wer^e • 
evlSent in their sorts, and two new -^dimens ions were identified — ques^r 
tion form and problem pseudostructure. Many students appeared to 
associate problems on the basis of the quantity measured in the ' 
prb&l6m^ sech as age, time^, or weight. This latter characteristic 
of problems was called pseudostructure since it often takes on the 
appearance of the mathematical structure dimension. 

The tendency to sort problems according to their mathematical , 
stihicture was^ significantly positively correlated yith all ability 
variables. The tendency to soiSt problems according to their <ion- 
textif&l details^was negatively correlated with all ability variables* 

The significant relationship ( r % .45; £<.001) between;a student* 
proble^solving ability and his tendeiicy to associate problems on the 
bift§isa>f structure Was a'nalyzed using bartial cor^relations. 'When the 
effects of verbariQ, nonverbal iQ; mathematics- concepts knowledge, \ 
and mathetnatics computation abilitj^ weite "simultaneously controlled , 
the re^lationship remained significant, '(t » .28; p<.01. 

I ^ . ' Second Phase * ^ . , - ^ 

Procedure . * ^ ^ . ] . 

. {Interpretation of certain results, of the first phase was, difficult 
since the quest ioii and pseudostructure dfmensionS overlapped with the 
structure and context dimensions within the CST. In the second phase. 



some of the CST problems were rewritten so that, the set of revised 
problems varied systematically ^long .all four dimensions and contained 
little dimensional overlap. The revised set of prol)lems was used with 
58 eighth grade students who had not participated in the first phas6 of 
the study. The revised CST task was administered using the same pro- 
cedures as in the first phase. Data related to students' IQ, concepts 
knowledge, and computational ability were ''also obtained • 

Results 

, The significant positive relationship, noted in the first phase, 
between ^ student's mathematical ability and his tendency to associate 
problems on the basis of mathematical structure was supported by the 
results of the second phase. Also supported was the negative relation-' 
ship between the mathematical ability variables and tendency to asso-. • 
ciate problems according to context. 

The tendency to associate problems on the basis of their pseudo- 
structure appeared to be unrelated to mathematical ability; in fact, 
students who were classified as high in nonverbal IQ, concepts, know-' 
ledge, or problem-solving ability actually had more ^pseudostructare 
associations before solution of the. problems than students who were 
classified as low for the variables. On the other hand, the tendency 
to associate according to question form was negatively correlated with 
all ability variables. 

As in the first phase, th'e significant positive ^correlation ( r 
.69; '£<.001) between problem-splviag abiiity and the tendency to 
associate problems on the basis of structure, remained significant 
( r =^ .30; £<.01) even when the effects of the four general ability 
variables were simultaneously controlled. 
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The Effect of Problem Structure and Cognitive Level on the 
Processes Students Use to Solve Verbal Algebra Problems 



Harold C. Days 
Fort Valley State College 



Purpose 

The purpose, of this study was twofold: first, the study compared 
the processes used by concrete- and formal-operational students to sol 
problems defined as having either simple or complex 'structures . Secor 
ly, the study attempted to determine if the problems define<t.as havin 
complex structures were more difficult than those defined as having 
simple structures.^- , * 

A widely held gdal of mathematics t^iphing is the development of 
students ., ability to solve verbal probleai^ Knowledge of the processes 
and strategies used by students to solve various types of verbal problems 
may provide teachers with information for improving instruction in "mathe- 
matical-problem solving. Additionally, knowledge of some of the 
relationships which exist between task var^^ables, su^ect variables, and 
problem-solvfng performance could aid in determining how problems should 
be sequenced in instruction and in our textbooks. 



Conceptual Framework 

Several researchers^ (Dalton, 1974; Flaherty, 1975; Grady, 1975; 
Hollander, 1974; Kantowski, 1975;- Kilpatriok, 1967, Webb, 1975) used 
the Think Aloud Technique to identify and study the problem-solving 
processes used by mathematical problem solvers. These researchers iden- 
tified a fairly long list of processes, as being frequently used by / 
mathematical problem solvers. Research also suggests that certain 
subject vatiables may affect the amount .of success subjects will have 
when using a'giveh process. For example, junior high students ^tend to-, 
be mofre successful at problem solving when using trial-and-jgrror and 
less successful when attempting to ujse equations (Kilpatrick, 196 77, 
and high school algebra students t1an<i to be more successful at problem/ 
solving when they use equationsandQ less succesisful when using trial- 
and-error (Webb, 1975). p Y"^"^ . - ^ ' 

Tyszkowa (1973) obtained rfesult^ which suggest that the processes 
students use to solve problems at one level of difficulty may b!e , 
entirely different from those used to solve problems at another level 
.of difficulty. Research (Bamett, 1974; Ingle, 1975; Jerman, 1970, 
1972; Suppes, Ldftus S^Jerman, 1967) has shown th^t certain* structural 
variables are good predictors of problem difficulty. Thus , one could 
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conclude that structural variables are probably good predictors of 
process-use also. If the use of certain processes depends on charac- 
teristics of the task, then thfe processes which are most useful on a 
given type of problem should be identified. 

Piaget .and Inhelder (1969) described four stages of cognitive 
development in children. The last two of these stages are concrete 
operations and formal operations . According to Piaget 's Theory, 
subjects in the 'formal operational stage can perform certain "reason- 
ing processes which cannot be performed by concrete subjects. Thus, 
formal-operational individuals should have a larger repertoire* of 
problem-solving processes 'than concrete subjects. 

^- Grady (1975) found that students classified as formal-operational 
used significantly more means-end heuristics (pictures, diagrams, equa- 
tions) while solving verbal algebra problems thanr'those classified as 
concrete operational. Thus, learner characteristics such as cognitive 
level, age, or mathematical experience may affect the processes sub- 
jects use to solve verbal problems. Additionally, there may be an 
interaction between subject variables, task variables, and process use. 

Procedure 

, Two eighth grade general mathematics classes were randomly selected 
from each of three junior high schools. A, modi fil&i version of Longeot's 
test was administered to e^ch class to classify potential subjects as 
concrete operational or formal operational. After ^students in a given 
^school had been classified, ten subjects were randomly selected from 
the concrete group and ten from^^the formal group. Each of these 60 
subjects were scheduled for a two-hour interview. 

In the interview, students were asked to solve ten world problems 
while "thinking aloud." Two of these problems served as practice pro- 
blems an4 eight as experimental problems^. Four of the experimental 
problems were defined as having simple structures and four were defined 
as having complex structures. ' A mathematical model of a given problem 
was used to define it as having a simple or complex structure. The 
interviews were audio-iiape recorded and a written record was kept of 
what was being said or done. The protocols obtained in the interviews 
were used to determine the processes *or strategies the students used 
to solve the given problems. 

Eacli subject was given two scores for each variable. One score 
was based on his performance on the simple structured problems and the 
other on his performance on the complex structured problems. Some of 
the dfepefMent variables were: range, process, strategy, understanding, 
representational, "'and evaluation scores. The range score was defined 
as the number of different processes used to solve each group of pro- 
blems. The process and strategy scores were defined as the 'number of ' 
problems on whicb the' process or strategy was used. The understanding,/ 
representational, and evaluation scores were obtained by summing the 
process scores which fell under the given category. 



Analy s is ^ - . - 4 

A 2(cognltlve' leveL) x 2(problem structure) factorial design with 
repeated measures on problem struoture-was-Jjie experimental design 
employed In this- study. Analysis of ^varlanc*e and Wirsoh's two-way 
analysis of variance based on median? were used to analyze the data. 



Results 

Analysis of the range score revealed 'that formal subjects us6d a 
larger variety of problem-solving prbcesses than concrete subjects, 
and both groups used a larger variety of processed on the complex 
.structured problems than ori the simple structured problems (p < .001). 

In general, understanding, representational, deduction, and eval- 
uation processes were used more frequently on the complex- structured 
problems than on the simple structured problems. 

The understanding, representational, and recall scores of concrete 
and formal subjects did not differ significantly, but formal sybjects 
had significantly higher deduction (complex) and evaluation (complex) 
scores than concrete subjects (p < ..01). The use of certain ^valuation 
and djeduct ion ^processes on the complex structured problem^;4jfeay have 
required formal operations whereas their use on the simple structured 
problems did not. This would explaln^why the deduction \nd evaluation 
scores of the two groups differed on the complex stru<;tuafed problems'^ 
but not on the simple structured problems. \ 



As expected, formal subjects used systematic trial-and-error on 
more problems than concrete subjects. 

Finally, problem structure did not have as much effect on problem 
difficulty in- the concrete group as it did in the formal group. Addi- 
tional results, conclusions, and implications wllL be presented*' 
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The Interaction of Fleld-Dependence-Independence and 
the Level of Guidance of Mathematics Instruction 



, Verna M. Adams 
San Diego State University 

Douglas B. McLeod 
San Diego State University 



Purpose * . • 

Attempts to Individualize instruction have traditionally Involved 
varying the^rate of Instruction and relatively little attention has 
been given t6^ adapting the method of instruction to studeilt character- 
istics. Cronbach C1957) recommended that researchers try to find 
aptitudes which interact with variations In Instructional treatments 
and to, design Instructional treatments to fit particular aptitudes of 
groups of students. 

.The search for ways of adapting Instructional treatments to Indi- 
vidual differences, known as .aptitude-treatment-interaction (ATI) 
studies, has In general been unsuccessful. Por reviews, see Berliner 
and^ahen (1973), Cronfeach (19^5), and Cronbach and Snow (1977). How- 
ever, there have been recent successes' In finding ATl^s In' mathematics 
education (Carpenter, McLeon & Skvarclus, 1976; McLeon & Ad^ms, 1977; 
McLeod & Brlggs, 1977) that have used cognitive style as ai{:,^ptitude' 
variable. The present study attempted to design two treatments tailored 
to fit the cognitive style of f ield-dependence-lndependence 4^ ..to search 
for other Interactions. . ^ ^ 

Fleld-dependence-lndependence Is a cognitive style thought tj^rTiave 
Implications for educational Issues (Witkln, Moore, Goodenough & Cox, 
1977). Individual .differences in fleld-dependence-lndependence are 
Identified on a continuum determined by the extent a person perceives 
analytically. Students who are relatively field-dependent find It 
difficult to solve problems which depend on the ability to take a 
critical element out of context and restructure the problem In order 
to use that element In a different context* Fleldrlndependent students 
are likely to restructure a situation In order to solve a problem 'f>r to 
Impose structure on material when structure Is lacking. Another aspect 
of fleld-dependence-lndependence which may be Important In developlr^g 
instructional materials is cue sampling behavior. .The effect of cue 
salience Is greater for field-dependent than field-Independent students. 
Tield-dependent students also favor, more of a spectator approach to 
learning than field-Independent students. 
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/ A significant dlsotdlnal Interaction between f leld-dependence- 
Inaependence and the level of guidance In mathematics Instruction was 
found by Carpenter, McLeod and Skvarclus (197jfe) and latet by McLeod 
and Adams (1977^. In view of these findings,^ the purpose of this 
study was to Investigate furtl^er the Interactions between levels of 
guidance and field-dependence- Independence. - • 



Procedure 

• » 

Two InductlvB treatments were developed, one being a compensatory 
treatment CSalomon, 1971) ^for fdeld-dependent students and the other, 
a preferential treatment for field-independent students. In the com- 
pensatory treatment, called the high-guidance group% organization was 
provided for the student through the us^ of partially completed tables 
and rules, and underrlinfng of key words. This trdatmeirt was typed 
using double spacing. * In the second treatment, called the low-guidance 
group, students were expected to make their own tables and discover 
rules on th^ir own. This treatment was typed juising single spacing. 
Both of the treatments presented the same content on networks, used the 
same problems, and provided about the same amount of practice,^ The low 
guidance materials actively involved the student by including short 
questions in the materials. These questions were excluded from the 
high-guidance materials, where studemti were given the same information 
in an expository fashion. ^ 

Subjects were 97 students from four sections of a class for pros- 
pective elementary school teachers. .Within each section, students were 
randomly assigned to the two groups. Of the 97 students, 51 were in 
the low-guidance group and 46 were in the. high-guidance group'. The two 
instructors for the f(iur"^ctions participated in the study and were 
randomly assigned -to groups so that each Had .two low-guidance grpups 
and two^ high-guidance groups. In each case, .the low-guidante group 
remained in the ^regular classroom and the high-guidance group moved to 
another room. * 

On the second day of regular class, a pretest was administe'red to 
determine whether or not .sti^erits had mastered materials covered in the 
first semester of this tVo-semester course. This was used as an apti- 
tude variable along with the meas^ement for - field-dependence- 
independence. Two regular 75-minut:e class periods were* used by* the 
students to complete the treatments and to take an achievement posttest 
Immediately following cpmpl§ticm"^f the treatments. The' posttest con- 
sisted of three subsections designed to measure achievement at three 
levels: comprehension, applications and analysis. The posttest was 
administered again five weeks later to measure retention. ' The Gmup 
Embejidexi Figures Test, a measure of field-dependence-independence 
Q/itkin, Oltman, Raskin & Karp, 1971), was also administered at that 
time* 
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Results 

The data were analyzed using multiple regression procedures - 
(Karlinger & Pedhazur, 1973). There was a significant : interac tion 
between the pretest scores arid the level of guidance of the treat- 
ments for the retention test, but no other significant ^interactions 
were found. On the immediate posttest, /the 'high-guidance group 
scored significantly better than the low-guidance group. 
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Degrees of Teacher Vagueness and Pupil Participation as They 
Relate to Student Learning of Mathematical Concepts 
and Generalizations 



Lyle R. Smith 
Augusta College 



Purpose 

Numerous studies h^e investigated the' relationships between various 
teacher behaviors and student achievement • Many of the studies, however, 
have ^een descriptive rather than experimental in nature. For example, 
.Hi3.1er, Fisher and Kaess (1969) and Smith (1977) found negative correla- 
tions between the frequency of teacher vagueness terms and student 
^achievement. Shuster and Pigge, (1965),* Scandura and Behr (1966), Zahn 
(1966), and Robitaille (1975) reported- that mathematics teachers were 
more effective when they alTowed their students to participate actively 
in developmental activities rather than to engage solely in passive 
intake of information. 

> The present research was designed to extend the results^ of these 
prior studies by experimentally investigating the joint effects of* 
different degrees of teacher vagueness and student participation on 
the learning of mathematical concepts. ' ( 

Procedure 

Subjects^ for this study were 204 students enroll^;d in introductory 
psychology and sociology courses at Augusta College. "Each student was 
randomly ^assigned to one of six groups (n=34 each) defined by the possi- 
ble combinations of three vagueness conditions (no vagueness, moderate 
vagueness, high vagueness) and two student activity conditions (passive 
learning, active learning). 

Each of the six groups was shown a 20-minute videotaped mathematics 
lesson on sums of consecutive possible integers (SCPI's). The same con- 
cepts, generalizations, and processes discussed b^i I^rieHpp^nd Kuenzi 
(1975) were presented in each lesson. None of the students had prior 
knowledge of SCPI's. The lessons were videotaped so thaO^he teacher's ' 
presentation was read from a script while the camera focused on corres- 
ponding definitions, examples, and applications that were shown on' 
transparencies with an overhead projector. For each lesson, the same 
pers'on read the script and the same sequence of concepts, generaliza- 
tions, and examples was presented. Each of the six lessons represented • 
a different comb,ination of teacher vagueness and degree of student 
participation'; Each lesson was viewed on a television monitor. Student 
comprehension of' the lesions waa d etermined by administering a test 
focusing oil' the content of the lessons. s , ' 
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Two of the lessons contained a high degree of teacher vagueness 
terms (144 per lesson), two of the ledsonc* contained a moderate degree . 
of teacher vagueness terms (72 per lesson), and two lessons contained 
.no teacher vagueness terms^ 'The vagueness tetms were obtained froni 
vagueness categories Refined by Hilier, et^ al . (1969) 

In three of the lessons the students were^f irst_shown_exa_mples_gf_ 
how tq'identtfy SCPI's and write numbers as SCPI^s and tjien the stu- 
dents were required to work similar examples individually. After the 
students were given* time to work the problems individually, they were 
informed on the videotaped lesson concerning ^the correct way to work 
they^robl^ms. These three lessons were defined as "pupil active 
•participation" lessons. 

The remainijj^ three lessons were defined as "pupil passive intake" 
lessons. The same procedure was used in these lessons as in the pupil 
active participation lessons, except that students jwere not given the 
opportunity to work problems individually. Instead, a detailed analy- 
sis of each problem and its solution was presented. 

Results 

A 2 (pupil active participation vs. pupil passive intake) x 3 (high 
.vagueness vs. moderate vagueness vs. no vagueness) analysis of variance 
was performed on the student achievement scores. The mean achievement 
scores for the six experimental conditions are presented in Table 1. » 
Table 2 indicates th^t neither the ipain effect due to degree of pupil 
part^icipation nor the interaction betwGeen vagueness and pupil partici- 
pation-was significant. The vagueness ma:tn effect was significant, 
F(2,198) =^ 3.66, £<.05. The Tukey (b) tests revealed a significant . 
d^Lffer^nce (£< .05) between the high vagueness 'groups and the no vague- 
ness groups. 



Table 1. Group Mean Scores 





High 
Vagueness 


Moderate 
Vagueness 


No 

VSgueness 


Active 

Participation^ 


N = 34 
' X = 8.765 


N » 34 
,x = 9.4K8! 


N » 34 
X = 11.029 


Passive 
.Intake 


N » 34 
5 » 8.647 


N = 34 
X = 9.559 


N - 34 
X = 9.647 


\ 




k 
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Table 2. Results of the Analysis 



Factor 


df ■ 




MS 




Vagueness (A) * . 


$ 2. 


, 90.6*6 


^ — 

45.33 


3,466* 


Degree of Pupil 
Participation (B) 


1 


10.37 


* 10.37 


1 


A X B ' 


2 


22.71 


11.36 


1 


Error ^ 


198 


2589.24* 


i3.08. 




*£<,05 










Conclusions 


0 


• 





The findings' of ^this Study fail to support the conclusions made in 
■prior stlfdi^s that the degree of student participation significantly 
influenced achievement. One Vossible reason for this result is that 
many studies concerning pupil participation haXr«^ involved elementary -~ 
school or high school students rather than college stujderits. It may Se 
that most college* students have become accustomed to playing a passive 
rble during lesson presentations and thus 4o not improve significantly, 
ab least at first, if they are allot^^ed to t^ke a more active partf in 
learning, -A second possible reason for this finding' is that there is 
no guarantee that students arf really 'Vpassive^' learners when they are 
not encouraged' to work problems during a l^son. Likewise, students ' 
are not necessarily "active" learners when they do try to work problem^ 
during a lesson, > Each student may process information in his own way 
and the format for reinforcement of this process may .bfe of secondary ^ 
importance, particularly for colleae students, T - 

€ • ^ 

^he findings of this' study su#pqrt the conclusions of Hiller et_al. 
(1'96^ and Smith X1977) that the frequency of vagueness .terms negatiyely 
UnflJ^nces achieveraent-i T^^ present study ifeveals" that a high degife'e 
of vagueness per -se affects achievement, whejeas "the studies of Hiller, 
et_al. and'Smitli were not ab]^ to determine this relat-i\)nghiD because 
they did not control^.variables correlated" with Vagueness. For example. 
Smith (W7) reported a positive correlation between the frequency\of 
teacher vaguei^^ss terms per lesson "and tjie. number of irrelevant examples 
the teacher jtresented per lesson. Also, Smith reported a negative 
correlation between, the frequency ^of. teacher vagueness terms per lesson 
and the degree to whith fhe teache*r met lesson objectives in his presen- 
tation. To summarize, whan sXudent ach'^yemeot is based on short-terra 
learning of specific subject matter, there appears to be a negative 
relationship between the frequency of teacher vagueness terms and the 
degree to which the teacher has prepared and organized his lesson. 
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As previously mentioned, In the present study such factors as organi- 
zation of the lesson, the substantive content of the lesson, and the 
frequency and sequencing of examples were held constant • Thus, It 
may be that a high frequency of teacher vagueness terms, causes pupils 
to perceive the teacher as being disorganized regardless of the con- 
tent and the examples the teacher presents. 

Future research on teacher vagueness should focus— on~t:he"Tei:atloir^~ 
ship between vagueness and other variables that seem^to be related to 
teacher competence. Further, studies of teacher vagueness terms have 
focused on students' short-term learning of*speciflc subject matter and. 
have Involved the teacher's use of direct or^^deductlve methods of 
presentation rather than the use o^ indirect or Inductive teaching 
styles. Future research should^ investigate the role of teacher vague- 
ness terms in settings where long-term learning, pupil inquiry and 
discovery or "learning how to learn" are goals. 
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The Ef fects_.of->Iiiauctivey.Deductive Teaching Methods §Tid Field- 
Dependence-- Independence Cognitive Style Upon Student 
Achievement in Mathematics 

Virginia M. Horak 
The University of Iowa 



Marilyn J, Zweng 
TK'e. University of Iowa 



I. 



A recurring .J^em^^ thioug^ioul: ec-^a^t majority ofi the literature 
writtep on educ^tXcJp in thfe las# ten years has been the need to indi- 
vidual ize^educat^on'^to ;^eet the \i^as of the students at all levels of 
education •.;{Cronbach^^and-.Snow'^^ Bloom, Hastings and Madaus, 19114 

Glaser, 1^72; Coop Sigel, .197^) . In fact, "individualization*' ias 
bedome an ^'ducationa^jl' slogan for many^ schools an4 numerQus curricular 
materials^ v^However^ few of these programs have Examined carefully 
* "tfi^. inter- individual variability of the learner^ who will be exposed 
;to teheir educational stimuli'^ ' (Coop and Sigel, 1971, p, 152), Thus, 
''T^'^,^^^^ needs to be done on the many consistent individual,, differences 
<^f sludent.s and the interactions between these differences and instruc- 
ty.onal procJedures. ^ 

This study wa^an investigation of two instructionaf treatments, 
inductive and deductive teaching methods. In addition to^ testing the 
main effects of ^ these treatments this study also examined the inter- 
action between these treatments and the cognitive style dimension of 
^field-dependence-independence. The criterion measures were an overall 
'"achievement .test and its subtests made up of the knowledge, applica- 
tion and analysis items. ^ 

Few areas of educationail research produce as many contradictory 
results as do the studies on inductive versus deductive teaching. ' This 
lack of consistent results may be due to the existence of aptitude- ' 
treatment interactions which were not hypothesized or systefliatically 
'researched. This study was an. investigation of the possible interac- 
tion of these treatments with one dimension of cognitive style. 

The inductive ;and deductive treatments utilized in this study 
vere differentiated according to Good's (1959) definitions of the two 
methods. Introductory material and basic definitions necessary tp the 
Unit were the same in both treatments. The deductive treatment 
followed a rule-example paradigm, while the inductive treatment 
followed basically an example-rule paradigm. Ih the inductive treatr 
menty^ollowing the examples, the students were encouraged, iria 1 ^' 
questions, to formulate a rule or principle of their own. 
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The aptitude &f cc^itive style has gained ±he attention of many 
researchers in recent years. One dimension ^ cognitive style is / 
that of field-dependence- independence, first studied by Witkin and' 
his colleagues in 1954. - People may be placed along a continuum with 
field-dependence and field- independence at the extreme's on the basis 
of the ease with which they perceive items as discrete from their 
backgrounds, Field-degendent persons are characterized by a more 
global, undifferentiated approach in processing information, while, 
field-independent persons process information and their surroundings 
in a more analytic, differentiated manner (Witkin, et al., 1962). 
The Group Embedded Figures Test (GEFT) was the instrument utilized to 
place the students along the field-dependent-independent continuum. , 
This dimension of cognitive style wpuld appear to relate very highly 
to the inductive and deductive methods considered earlier. 



Procedure ' . 

The sample for the study was made up of the students in two 
sections of a mathematics Content course designed for preservice 
elementary education teachers. "There were 71 students in one section 
of the course and 47 in ^the other. All four' class standings f rom 
freshmen to senior were 'represented' in both groups. - X 

^ \ 

Studies designed to investigate the^outcpmes of two or more- 
instructional procedures can be designed in several , ways . Often the 
researcher chooses to use individual packets due to the control these 
materials afford the-^experiment . This researcher, .however, chose to 
teach both classes, in** an effort to make the experimental setting 
resemble the classroom situation as closely as possible. Although 
"individualized" materials are being used' in schools today, most 
instruction takes place in a classroom sietting in which one teacher 
controls and manages .the learning activities of a group^of students. 
"Thus, due to the more realistic setting a. teaching situation furnishes, 
this researcher taught a transformational geometry unit to the two ^ 
intact university classes. ' ^ " ^ 

The criterion measure for this teaching unit was an oveisall 
achievement test. The researcher developed JU^ 7 ins trume^lt by consult-r 
ing the Taxonomy of Educational Cfcjectives ^Cpbm, et al., 1956) 
to write items representing the levels of Eaoojn's taxonomy. This 
compilation of {Possible questions was the/ 'given to people knowledge- 

' able in mat|jematics and education who wei/e asked to furnish /suggestibns. 
The final instrument consisted of 22 objective items. For purposes of 
analyzing the data, these items were classified by this researcher, 

. in agreement with those consulted, intg ^owledge,/ application and 
analysis items based upon Bloom's ^(1956,^971) criteria. The applica-* 
tion^and analysis items, were grouped toget|ier for the data analysis 

- and referred to as th^ tjransfer subtest. 
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An analysis of variance was^ employed to test for the main effects 
of the inductive and deductive teaching methods. A one-way ANOVA was 
done OB^each of th^ five criterion measures (overall achievement, know- 
ledge subtest, application subtest, analysis subtest and transfer sub- 
test). Differences, significant' beyond the .05 level, were fountj ; 
between the group means on the transfer and analysis subtests'. Both 
differences were in the directioh favoring the inductive treatment.' 
It should be noted, however, thaU these results are not independent 
since the transfer subtest was^made up of the application and analysis 
items of thfs overall achievement instrument. The^e findings indicate 
that the .inductive teaching method was more effective than the deduc- 
tive method in producing transfer i of the student's knowledge to new 
situations where the student is required to discover a new relation- 
ship. \ 




Linear regression analysis was utilized ip testing for xfeHe exis- 
tence of possible aptitude-treatmei^t interactions between; field- 
dependence- independence and the instructional procedures/ For the 
criterion measures* of overall achieyement and transfer, the data~ 
indicated strong support (.05<p<.n for such ATI's. For both 
criterion measures > the lines interacted within the range of scores 
for the GEFT. In each case, the point along the X-scale was computed 
below which the treatments were significantly different^ when overall 
achievement was the criterion measure, it va^ found that all indivi- 
duals having GEFT scores of five or below out 9f a possible 18 performed 
better if they were taught by the inductive method. For other indivi- 
.duals, the choice of method (inductive or deductive) did not result 
in a difference in achievement. When the transfer subtest was the 
criterion^easure,. further analysis of the data indicated that all 
individuals^ having a GEFT score of nine or below performed better if 
they were taught by the inductive method. For other individuals, the 
choice of method did not result in a difference in achievement. 



Conclusions 



A number of conclusions can be drawn from the results of this 
study. The inductive tea'ching method appeared to-be more effective 
than the deductive method in producing transfer. 'This result is 
especially important, due to the lack of experimental evidence 
supporting either instructional method/(Hermann/l969) . in the 
inductive treatment used in this stud/, the students spent most of 
the class time working probiertfs and discussing the results. The 
statement of rules and principles was absent and knowledge level 
understanding was-rlot stressed. .The activity in class (i.e., working' 
unusual problems) was .very similar to solving transfer-type problems. 
Students in the inductive class had experience solving problems, in an 
unfamiliar setting, while the studen4;s in the deductive class did not 
have .this experience. The students in the dedudtive treatment were 
accustomed to being given all the neceslsary step^ and Relationships 



69 . 



d9 



prior to working th^ problems^. Having to *solve unusual- problems In, 
unfamiliar settings was a hew^ experience for thejt and may. have 
affected their achievement on the transfer subtest. 

In this stfcdy, when a student's GEFT score was utilized It was 
possible to provide. the optimum learning situation fqr him. . T^e 
field-dependent students achieved optimally on the overall achieve- 
ment. test when taught by the Inductive method. Also, the data 
analysis Indicated that the f ield-dependefi't students achieved 
optimally on Items dealing wltji transfer of learning to new situa- 
tions If taught Inductively.' 

These findings >are Important due to the lack of experimental 
results Indicating the existence of ATI's in education (Bracbt, 1970) 
These interactions support the conjecture that how a person perceives 
his' surroundings dpes affect how he learns under inductive .and 
deduttive teaching methods. It must be 'remembered tSat this is 
true only when the measures 'Of success were overall achievement * 
and the transfer of learning to new situations. 



- a 



70 



70 



An Assessment of the Processes Used By Community College 
Students In Mathematical Problem Solving 



'Beverly Gimmes tad 
Metropolitan State College 



Purpose ^ . * ' 

Classroom efforts to develop the problem-solving ability of Commun- 
ity College students have focused primarily on Increasing the number of 
mathematical concepts students know. There is mounting evidence, how- 
"ever, that another factor — the ability to use problem-solving processes 
— is related to success in mathematical problem solving*. Having taught 
mathematics at the Community College level fot four years, I was per- 
sonally distressed when a review of the literature it;j:i975 yielded no 
information on the problem-solving processes of Coranrunlty ^College 
students. With no such information available, it was Impossible for me 
to design an effective instructional unit on problem-solving processes 
for these students. 

In 1976 I conducted an exploratory study of the processes , used by 
Community College students in mathematical problem solving.* The primary 
purpose was J£o reveal the processes used by these students in mathemati- 
cal problem solving and to discover ways in which the processes migl^t be 
Improved and extended in the classroom. After comparing the students 
characteristics (age, rJfee,.sex, IQ, etc.) of' my sample to the character- 
istics, of Community College students nationwide, I am convinced that the. 
findings 'of this research study should generalize well to other urban 
Community Colleges;. 



Procedure ^..^ \ 

Sixty students from the threfe campuses of the Community College of 
Denver and from Arapahoe Community College were randomly selected from 
the mathematics rosters to participate in one and one-half hour inter- . 
vie^ifs with the researcher. During* each interview measures for IQ, 
mathematics achievement, conceptual tempo and mathematical probiem- 
dblving ability were administered. * Information regarding age and sex 
was also collected. Students were asked to think aloud while solving 
the eight Items of a mathematical problem-Solving Inventory developed 
by the researcher. Oxhese sessions were taped and coded for processes. 

Results ^ , ^ " ^ 

The most popular procesfees with Community College students were 
found to be deduction, trlal-and-error , and equations. Sigilif leant 
correlations (p .05) were found between total score' on the mathematical 
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problem-solving inventory and use of the processes of exploratory mani- 
pulations, (r = ^.34), successive approximation (r = .37) and deduction* 
(r » .30). Conceptual tempo, age, sex and IQ were not significantly 
related to mathematical problem-solving 'ability , but a significant^ 
correlation (p = .05) of .35 was found between mathematics achieve- • 
ment and mathraatical problem-solving ^ability'., ')'' 

•» ^ 
Conclusions . * 

The following recoramenrfations were made for the improvement of 
process use: (1) more time and greater emphasis, should be' placed on 
teaching Community College students to translate word problems into 
appropriate sets of equations, and (2) in lieu ,of *(:rial-and-error, 
Community College Students should be taught to use successive approxi- 
mation. It was foui^d that the number of processes used by Community 
College student^^"t5ould be extended by instruction in the use of 
successive aM^ojsifllatioR, checking, analogy*,"' specialization,* general- 
ization, alg(^rlaim, reduction-combination, and working backwards. 
Future research studies investigating the relationship between the 
mathematical problem-solving ability of Community College students and 
IQ or mathematics achievement should include a measure of reading com- 
prehension of mathematical English. 




A Description of the Difficulties Encountered* by Selected Six Year 
Olds In the Process of Learning Numeration with Base Ten Blocks 

Robert Madell 
Village Community School 

Llnnea Welland 
Kean College of New Jersey 



Purpose ^ - , 

It was the purpose of -this study to belgln to describe how 
selected s,lx year old children develop numeration concepts with base 
ten tlocksr In particular, the concern focused on the difficulties 
encountered by thefee children during discovery-oriented Instruction. 

The research was based on an approach to learning arithmetic 
which allows children maximum opportunity to count to solve story 
problems and then to discover short cuts to counting in the form of 
ai'guments expressed with base tdn blocksl Later; ' children are 
encouraged to use pictorial symbols for the blocks to support their 
arguments. Standard algorithms are taught only after extensive ^ 
Experience ^ with original arguments. ' . 

Especially In- such a program, numeration concepts are prerequi-/ 
sites f^ learning arithmetic algorithms. Thus, a knowledge of 
difficulties children have Jm the process of learning these concepts 
Is necessary fot teachers of young children. ^Clinical Interviews 
with individual children were used to probe children's thinking .during 
Instruction in numeration. It Is bellfeved that examination of chil- 
dren's processes during Instruction will In the long run^yleld more 
Information than an examination of the products^ of that instruction. 



Procedure 



In this study 14 slic year old children at an Independent elementary 
school in Greenwich Village, New York, were interviewed six times 
over a period of five months. In the interviews the children were • 
asked to give number names to various collections of blocks ^nd 
conversely to represent with the blocks numbers "that wer^ named by - 
the Interviewer. Also, they were asked to solv6* orally-presented 
story problems, most of which Involved addition." Running records 
o^ the actions- and speech of the children were kept.' The researchers 
assisted children In prescribed ways. On the basis of these records, 
descriptions of the difficulties encountered were made. 
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Results 



Thirteen categories were generated to describe the numeration 
difficulties encountered by the children, in the instructional inter- 
views. Each difficulty category describes errors made by moire than 
one subject. One hundred sixty-nine difficulties with numeration 
were identified across all the data, and 162 of these could be placed - 
in the 13 categories. There were other difficulties encountered ' 
by the children which related to their solution of the story problems, 
but did not directly relate to numeration concepts. Some of the 
numeration difficulties have been arranged in four groups -for discus- 
sion here. 

One group of difficulties,* accounting for 26 percent of the total, 
includes three categoi^es which all s*eem'to reflect the problem 
young childreft have in keeping track of various aspects of a given 
^ situation at once. There were 27 times when children switched the 
digits ifi a number. For example, one child who hacNsuccessf ully 
used the blocks to sum 35 cookies and 22 cookies reported orally 75 
rather than 57 as her answer.* An interesting error which occurred 
11 times involved suimning digits to create a new number. For 
example, one child who had 2 hundreds and 1 unit (201 out in front * 
of him; he reported his answer as 202i. In this case the child 
seemed to be summing the 2 (hundreds) and the 1 (unit) to get 3 
in the ones'^^place. Six errors were made by children wh^n they 
neglected to report one place in their answers, for example, reporting 
107 instead of 117 for 1 hundred, 1 ten, and 7 ones. 

Another group of difficulties, one which accounted for almost 21 p^r- 
^ cent of the total number pf errors, reflects a counting^ problem very 
'common to children of this age. They often count hundreds as tens 
or 'ones, tens as ones or hundreds, and ones as tens or hundreds.^ For 
example, a child who had 5 tens and 1 one in front of her counted, 
"10, 20, 30, 40, 50, 60." -Another child counting 2 hundreds and 1 
ten said "100, 200, 300." Here the children seemed just carried / 
away by the pattern of the counting. In one case a .child verbalized ' 
a rather strange reason for making a somewhat different error. She 
was counting 1 flat, 9 longs, 10 units. She got to 199, and'th'en with 
the- last unit, said, "299." When asked how she got that, she replied, 
cause this block (the last unit) makes another* 100. It's the 100th 
one." Here the last unit was^pQunted as another 100. 

There were still other language-based difficulties. This grouping 
accounted for about 17perc-entof the total. , There were 18 times when 
children made errors such as these: 

Two flats, 6 longs atyi 3 "units were named "oi;ie hundred sixty 
threfe one hundred." , » 

One flat and ten longs were counted "one hundred, one hundred 
ten... one hundred ninety, one hundred ninety ten." 
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six errors occurred when children represented a spoken "one hundred" 
as 1 unit and 1 flat, that Is as 1 and 100, Similarly, in four instances 
a child named 2 flats as "one hundred and 2" or 4 flats as "one 
hundred and four." ■ \ . 

One category accounting for 18 percent of difficulties involved 
the child making non-standard representations of numbers or counting 
smaller unlt^ than necessary. Often these difficulties occurred when 
the numbers were in the teens; the vocabulary for naming numbers in 
the teens is inconsistent with the usual procedure. For example, 
17 was represented in blo'cks as 17 units Instead of 1 ten and 7 
units, and 1 ten and 8 units were counted by ones on the long. This 
difficulty is interesting since it can be interpreted as evidence of 
immature thinking about numeration, and yet, in other contexts, as 
an Indication of flexibility. Thus, a child who is to share 24 
cars among 8 children needs to think of the .24 as 24 units' rather 
than as 2 tens and 4 ones to solve the problem. In this case, a 
non-standard representation of the 24 as 24 units anticipates a. 
necessary exchange. 



Conclusion . 

When children encounter difficulties in learning, they reveal 
their knowledge and misconceptions. By analyzing this information, 
teachers can scientifically modify their instructional methods to 
make for more effective intervention. 
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-The Relationship Among Piagetian Area Task Scores, Teacher 
Grades, and 'Standardized Test Scores for Grade Two 



Thalia Taloumis 
Br<?oklyn College of the 
City University of New York 

. \ 

Purpose 

There were three major objectives for this research stu^y. The 
first, was to invest isgate relationship^ of Piagetian area scores to 
teacher-determined grades, IQ test scores ,f and standardized achieve- - 
ment test sdores to jietermine whether second, graders ' performance , on 
Piagetian area tasks (Piaget et al ,, i960) correlated with or pre- 
dicted their performance in mathematics. The second objective was 
tof replicate the doctoral study of the investigator (Taloumis^^ 1973) 
to determine' whether the conclusions repotted could be substantiated 
again for a 'different sample group selected from a wider range of ^ 
population in grade two. The two main questions considered in the 
replication were (a) did sequencing of the presentation of three area 
conservation tasks and two area measurement tasks significantly affect 
the scores of either set of area tasks, conservation or measurement 
(the se^juences* being conservation-measurement and measurement- 
conservation)? and (b) did second graders assessed in X976 perform 
simldarly to^ the second graders assessed in 1^71? The third objec- 
tive of the study was to compare scores of subgroups to see if 
environmental factors (socio-economic or geographical) influenced 
scores significantly. 



Conceptual Framex^ork 



Since the study was a replication and extension of .the investi- 
gator's reported doctoral study (Taloumis, 1975), the same five 
Piagetian area tasks, administered to 168 children classified as 
lower middle class (as defined by ftavighursB and Neugarten, 1966) in 
grades one, two*^^d three' in the spring of 1971 (56 children per grade 
level), were administered to the 169 children in grade two from\ 
wider range of schools in the spring of 1976, The seven schools ^ 
involved in the 1976 study included the original three schools used 
in 1971,- the rhree remaining elementary schools in the same community, 
and a New York City public elemerifcary school. 

Research on the predicttion/of achievement in mathematics from 
performance on Piagetian tasks has been conducted in primary grades 
within a span of one year, of that grade (Steffe, 1966; Stommel, 1966; 
LeBlanc, 1968; Nelson, 1969; Kaminsky, 1971; Kaufman and Kaufman, 
1972; Siliphant and Cox, 1972;' Rohr, 1973; Smith, 1973; and Backus,^ * 
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1974).. The present study .Investigated whether the perfotmance of } 
children on Plagetlan area tasks predicted their teacher grades in 
mathematics and Stafford Achievement Test (SAT) scores in mathematics ^ 
over a two-year 'period. Moreover, the study examined whether 
Plagetlan .area task scores contributed significantly to the predict- 
ability of mathematics achievement after the prediction of 
mathematics achievement was known from the Otis-Lennon Mental Ability-' 
Test. 

The children in the present study had at least three socio- 
economic backgrounds that could be Identified. The study examined 
whether these differences in background paralleled differences in 
performance on Plagetlan area tasks. There are several Plagetlan 
studies that compared performance levels of young children from 
middle-class and lower-q^ass and found that children from mlMle 
class performed higher (Berlin, 1964; Almy, 1966; Rothenberg, 1969 
BlQt, 1970). 



Procedure 

The sample consisted of 114 white children and^5._.black children, - 
ranging in age from seven years five months to eight years four months, 
selected from the seven schools. A random number table and an alpha- 
betical listing of children were used to select children from each of 
the 21 classrooms Involved in the study. 

The suburban community had two slightly different socio-economic 
—^copulations. Three of the six schools enrolled more children of parents 
on" welfare and two were geographically located nearer the main shopping 
area located In the older part of the community. Two of those three 
schools also had a higher enrollment of Ifhe black population. These^ 
three schools 'will, henceforth, be designated as Set B Schools. The 
other three suburban sch&6ls were the same ones as used in the MJl 
study ^nd will be. denoted as Set A Schools. The inner city school 
population was designated as being 85 percent black, 1 percent white ^ 
- and 14 percent other. 

The following three substudles were constructed: 

1. The scores qf .60 children in Set A Schools assessed in 197.6 
were compared to the. scores of 56 second graders assessed 
in the same Set A Schools ^in 1971. 

2. The scores of 60 children in Set A Schools were compared to 
the scores of 63 .children in Set B Schools. 

3. The scores of 27 children in Set B Schools (in two of the 
three schools) were compared to the scores of 26 children 
in the inner-city school. 
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The five area tasks were given in two dif£prent 'sequences : the 
sequence (conservation-measurement) was*given to 84 children, and the 
sequence (measurement-conservation) was given to 85 children. There 
were 84 boys and 85 girls randomly selected. The area tasks were 
administered individually to each child in a room apart from the 
classroom. Each of the area tasks contained from 5 to 15 parts, 
A scoresheet; was used to record the responses of each child, A score 
of one or two was given for each subtask within each of the area tasks, 

• Statistical analysis included use'<)f a Pearson product-moment 
coefficient of correlation and .a multiple-regression for IQ scores, 
teacher grades, Stanford Achievement Test subscores (for computation, / 
concepts, and applications), area conservation scores, area measure- 
ment scores, and sex differences. The level of significance accepted ^ 
was p <,05 (unless indicated otherwise), • . 



Results 



1, Piagetian area task scores wei^e positively related to teacher 
. grades, SAT scores, and Otis-Lennon IQ scores and the corre- 
lations were statistically significant, but not for sex 
differences (p<,01), 

2, Conservation and measurement scores were affected by sequence 
of presenjiation; the second group of area tasks presented in 
either sequence resulted in- higher scores , 

3, In comparing 60 second graders' area task scores (1976) to 
56 second graders' area task scores (1971), where all 

^ children were selected from Set A Sahoals, there was no 
significant difference. 

In comparing 60 -second graders' area task^ scores in Set k 
Schools to 63 second gradjwrs' area tas.k scores, in the remain- 
'^Ing Set B Schools, there was no significant difference, 

InVomparing 27 black second graders in two -Set B Schodls 
to E6 black second graders in the inner-city school, the 
sublirban children performed. significantly higher on two 
conservation' tasks, but 'not on the third conservation task 
nor on the two measurement tasks. 



Conclusions 



Conclusions will be more approgj^iately and accurately drawn when' 
additional data analyses have been »mpleted arid related to classroom 
practices. These will be presented with the paper. 
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The Influence of Selected Artistic Variables on , 
ChildrerrV Perception of Mathematical Pictures 



Patricia F. Campbell 
Purdue University 



Purpose ' , " / * ' * 

Current first grade mathematics textbooks use dynamic pictures^ 
in conjunction with wifitten numeral^statements, as one .method of commun- 
icating mathematical concepts to children. Portraying^motion,^ these 
pictures may serve as a reference to aid the th^ldren When solving a 
related problem, or they may provide, a setting in which a cojicepj: may 
be interpreted. However, it is, initially necessary for the; children 
to relate the characters depicted in the picture and to perce4.Ve the 
action. portrayed before they can. associate the pictures with the addi- 
tion ot subtractionnof whoie nilmbers. 

An examination of dynamic illustrations S.n currento primary toithe- 
matics textbooks revealed that both? single pictures and -sequences of 
three pictures are presented in textboQks with motion portrayed by use\ 
of either postural cues (i.e., picturing legs of the characters in a 
state of non-equilibrium) or- conventional cu^s (i.e., using lines, 
vibration marks, or clouds of dust about the characters).^ The purpose 
of this study was to investigate the effects of the artistic cue ' 
(postural .035. conventional) used to, portray motion and the number ot 
pictures (single or sequence of three pi-ctures) used to depict an 
event on first grade children's perception' of the mathematical rela- 
tionships (either addition, or subtraction) portrayed by a d3mamic 
textb'ook-typ„e illustration. Furthef , the study ,investigat€^d th^ 
possible correlation between first grade children's lev;el of conserva- 
tion, thei:r:-interpretation of the Illustrations, and th'dir ability to 
characterize the depicted mathematical relationships by number sen- 
tences. The procedure used asses^sed thJe children's interpretation of 
the illustrations within two s levels of description, either verbal or 
spatial. ^ ' ' . ^ ' ' ' 



Conceptual Fi^amework 



7 Research concerning children's perception. of pictures indicates 
that childrejv. Initially perceive only discrete ifems in a picture 
and gradually develop the ability^ to descril^e a picture in ^ terms of 
oviert actioli and tq.perceive relationships between the illustratecf 
characters , (Amen, l9^1^.,JtM3ier^ , .1969). M6tli)n is one »of the more 
difficult repr^s^npKflons forcfrtldxen "to perceive in Static, two- 
dimensibnal pictud^es (Friedman & Stevenson, 1975; Schnall, 1968;' 
^Trayers, 1969). ^o^Byer, lor a '.child, to defiv^ from a textbook 



Illustration all the Information which ther artist has attempted to 
transmit, the child must convert the still picture Into a dynamic 
scene. This requires Interpretation of features within the Illus- 
tration by an artistic code which deviates froia the reaj. optical 
code. ' ^ ^ ' - ' J . . 

Friedman and Stevenson (1975) seated that preschool and first 
grade children do not readily classify pictures with conventional 
motion cues as "moving.'* However, one may interpret ;^:heir study to 
ihdicate that, if .faced with an apparent contradiction between con- 
ventional and pos.tural cues, youn^ children rely on the postural 
cues. Campbell (1976) noted that first grade children were more 
Hkel^ to o1)serve qotion in textbook-type pictures which were charac- 
terized by use of both ptostural and conventional c^es than in pictures 
which utilized bnly* postural cues. ' , • * 

Given a sequence, first gra,de subjects seem to be able tcj^nter- 
pret each group of characters within ^the pictures as being av/ingle 
group undergoing a change, with the sequence serving to display the 
group's characters ovet time. Results of a study by Campbell (1976) 
revealed that the -number of pictures presented (single, , sequence! or 
combination of single and" sequence pictures) had no signifiTciirtef f ect 
on first grade children's perception 6f the majihematical relationships 
depicted by* the pictures. ^However, initially viewing and describing 
sequences did provide^ a learning, experience which significantly 
affected the interpretation of single pictures. 

Procedure 

Ten textbook illustrations wefe chosen as mojdels: ^ve of the 
illustrations'^ 'd.epiqted addition^vents and five of the illustrations 
depicted subtractidrK^vents, each model, two* similar secjuencefe 

each consisting of three pictures were drafted. One sequence depicted^ 
characters with. legs (e^g.^frogs, pelicans^ personified apples) using 
postural tiues to portray motion.^ The other sequence depicted cTharac- 
ters- withoift legs (e.g., fish, snails; personified bases) using 
conventional/ cues to portjiray motion. N^* sequence portrayed mare than * 
seven characters. A set of single jtcttires was obtained by using the 
^ middle Vpicturfe of each ,s^qu^ce. ^^^/r 

Ninety-six children were randomly selected from six first grade ' 
classes within three '.elementary schools in. suburban-rurc^i Ind^na/* 
Initially eacti child was adminisrered'^the-ipurdue Concept Formation 
Te9t. This test/. consists of '23 Piagetlan cohservatipn-type items^i^ 

^ As^ determined ^ random assigimeht^, the subjects w^re shown either 
sitfgle pictures or sequenfies of pictures; these pictures depicted motion 
by either postural cue^s or conventiorial cues, \up6n presentltion of a 
single, picture or a sequence of threfe pictures, the^ students in thfe.. 
verbal description condition were .told tltiat the pidture(s) told a story. 




and-they^re then asked to tell a story that went with the picturefa) . 
Students iir the spatial description 'condition were also told that the' 
picture(s) told a story. The toys corresponding to the characters 
in the picture(s) were placed in a pile before these students. 
After telling or showing the story, each j:hi Id was. asked to choose a. 
number sentence^ card , from a set of'five cards, to go with the pic- 
ture(s). This procedure Was repeated for each of the ten items 
presented to each child'. Each subject was tested individually. 

Analysis' ^ . . - ' 

A procetiiTre was defined to^assign ^ score for. each story descrip- 
tion and number sentence response (0,1,2,3 or 4). Each subject's 
description was also coded as Co whether it reveale^ perception of 
motion (0 or 1). Summing these scores over the l(/items, each student 
had three total scores: a characterization of his descriptions , (0-40) , 
his overall perception of motfeon (0-40), and his"" number sentence 
'responses (0-40) . _ ^ 

A 2 (number of pictures) x 2 (description) x 2 (motion cues) design 
was used to examine the main effect^ an4 interactions using an&lysis 
of variance techniques on each of the thfee sets of data (description - 
scores, motion perception scored and number sentence scores)\' A Chi- 
square analysis .was used to assess -whether there was- a relationship 
between the typ? , of number sentence re^onse which the students con- • 
sistently cKose and the number of pictur^s^nr motion cue which they 
viewed. Pearsorf correlation coefficients w^,alsb computed to assess' 
the possible relationship between the cognitive -level of the subjects 
as measured by the Concept Formation Teat and their responses tO' the'- 
<pictures, as. well as 'the possible .relationship between description ajid 
number sentence responses. • 

Results 

^ . Analysis of^ variance procedureWevealed significant main effects 
due to the number of pictures ^^i^ngle or' s.equence) (£ =' .002) and the 
type of artistic motion cue (^ = .0'04) on the description responses. 
The form of the description (verbal or spatial) h^d no/ significant 
effect on the description respo.nses (a= .05) ; ho interactions were 
• significant. Qn the' motion perception scores, the type of artistic 
motion cue had a significant effSct; however, neither the form of the - 
description nor the number ^f pictures had -.a significant effect on the 
motion perception scores. No .significant 'fntei:5ct^.on effects were, ~ 
noted' with ^respect to the mdf ion perception' scores.'. Analysis of the" 
number sentence responses revealed a significant effect due to the 
number of pictures (£ = .001), hut.nd si^nj-ficarit effect due to the 
type of artistic motion cues. . . ' ' 



' / * ' 

thi-squaire analysis revealed a significant relationsKip .0037) 
between tfie number of pictures '(single or sequence) used to depict a 
mathematical event and the type of number sentence resppnse chosen to 
abstractly describe the event. A , significant association (£ * .0326) 
fas also noted between the type of jiumber sentence response and the 
i^istic motion ci^. 

No evidence of a strong liniaar correlation between cognitive level 
and responsfes to the pictures or" between^^escriptions and numb et. sen- 
tence responses was noted. r' » 

Conclusions ; . • i 

Based upoit the results of this study, some conclusions are 
^suggested. ' ^ * ^ 

Signif||ant effects due to single or sequence pictures were noted 
in both the subjects* descriptions of the pictures and their character- 
ization of the pictures by a number sentence. It is recommended that > 
illustrated sequences be presented within the primary mathematics' 
^curriculum, and that .they should be presented prior to single' pictures. 

The form of the artistic motion cu« (postural or conventional) had 
a significant effect on both motion perqeption and description Scores. 
Examination of the mean scores and the Chi-^square analysis suggest' that 
first graders are able to interpret both typjes of artistic cues but are 
more likely, to perceiv^ motion and correctly identify number sentences 
in pictures utilizing postural cues, rather t;han conventional cues. 
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Purpose 



The present study Is concerned with exploring the development of 
children's concept of linear measurement. The exploration of such a 
concept Implies that both the mathematical aspects of "the concept and 
the psychological processes of concept development must be considered. 

Interest In the psychological processes-^f or the development of 
a>e measurement concept has, fos: the most part, been Inspired' by the 
research of Plaget (Piaget, InheCLder & Szemlnska, 1964). This research 
Indicates that the psychological processes for measurement develop in 
several stages over a period of 3-4 years. As children pass through 
these stages, "there Is a gradual development of a cognitive structure 
ending in ^the synthesis af cerlfei'n mental operations that eventually 
enables children to measure, w \ ' - 

'^^ ' , y ' ' 1 ' 

The Plagetian researqh seems to Ind^ate that the developing cog- 
nitive structures are paralleled by increasing knowledge of the 
mathematical Tiature of measurement. A critical <^rol)lem ;Ln mathematics 
education is to determine the state of a child's knowlfedge with respect 
to the mathematical aspects of the measurement concept at a given 
developmental stage/ ' - ' 

The purpose of the present study yas twofold. The first purpose , 
was to analyze theoretically the possible Integration of the psycholo- 
gical proces^ses concerning the, development of the linear measuretnent 
concept arid certain features of the mathematical aspects of the con- 
cept. The consequence af this analysis was a set of research questions 
(stated in the next section). The second purpose was to explore^mplr- 
*lcally the research questions through the administration of m^^rement 
tasks to young children. The data generated from the responses of the 
children twere used to suggest answers to the research questions. 

Conceptual* Framework ^ 

The mathematlcaL^f ramework for the linear measurement process was. 
drawn from the btathematlcal Concepts of Elementary Measurement - bv 
Blakers . (1967) . The measurement of length can be conceived as a func- 
tion from a domain space D of objects (say "sticks*', all having the 
attribute of length) into the positive reals R. The domain space has 
the following structure: There is an equlT^alence relatlori "the same 



length as" and an order relation "i^ longer (shorter) than" denotecj . ^' ♦ 
by^ and >(<), respectively. These relations allow one to partition 
0Oid order the -domain sfpace. 

There is also a binary operation * for "joinitig" objects in D* 
This opjeration has the fallowing properties for any a, b, c, and d Z 
D:^ (l^if a-b and c--d, then a*c-'b*d; (2) if aM> and c<d, then a*c < 
b*d4 and (3) if a<b and c<d, then a*c<b*c|. 

• A function i can be defined on D by selecting an arbitraty 
element d^ E' D and designating I (d ) =^1; i ds called the unit for 
I. ^Tlie function i assigns measures to other members pf the domain 
space by (1) direct comparison with the unit or a -mt^^ltiple* of the 
unit or (2) , by ^iteration of thermit or a multiple of the unit. Of 
particular importance is , the fact that £ is additive (i.e., for any' 
di, Z D i^(di*d2) =^(dl) +^(ci2) ); 

The psychological f ramewor^^fes drawn from tfie. co^^tiye devel'op^ 
ment theory of Piaget as presented in the Child's Conception of Geometry 
by Piaget, et al. Piaget 's studies' indicate that children^^^ability to 
measure emerges during the period of concrete operations. Children's 
thinking in this period is characterized by eight gtoupings (i.e., types 
of mental operations). Piaget has characterized the mental operations 
.required for measurement follows: ■ ' ' 

To measure is to take out of a whole one element, taken as - 
' a unit, and to transpose this unit -on the reniainde'r of the. 
. ' wholes: measurement is therefore »a synthesis of subdivision & » 
- and change of position. (Piaget, ^et al., 1964,* p, 3.) 

* . . ' ^ ^ ^ , . / 

The mental t>peration of "subdivision of a whole" is an operation 
fi^om Piaget's Grouping I. (i.e., 'the additive composition of classes), 
whereas the operation of "change of position" is an, operation, froijt/ 
Grouping V (i.e., the addition of asytnnietrical rellftions) . 'Subciiyi-. 
sion requires that^ a child be able to Imagine a line segment as a 
series of contiguous parts composing a whole. . , Change of position 
requires that a child be -able to mentally establish length relations 
between segments when the4 positions of the segment h^ve been changed, 
l^hen these two operations *have been synthesized^, the child is capable 
of iterating -a unit (i.e., the child can measure) » 

Given £his conceptual framework, the following four exploratory ' 
research' questions were posed concerning the possible integration of 
the' psychological processed and the mathematical nature of liilear ^ 
measurement:. ' • r • * 

1. 'What does acquisition of select^ ^^pects of th^ mathe- 



matical aspects of mealsuremefnt li^iply about the child's 
8ta*te of development' with respect ^to the mental opera- 
tions of change of position and/oT subdivision (e*g^, if 
the .child believes the length function is additivejrdoes 
this me^n he* has acquired subdivision)? ' - 
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2* If a child possesses change of position and/or subdivi- 
sion, what, does he know about the mathematical aspects . 
of Linear measurement (e^g., has the child' ^mastered the 
domain structure of xhe measurement fupction)? 

3. Is there specific order in which children acquire an 
understanding of the various- mathematical aspects_of 

-mei^suremertt Jje*>g., must the child? master the , structure 
of the/domain space vbefore he can (ise the length func- ' 
tion)? . , , 

4. Is it required that children possess both af the mental 
operations of change of position and subdivision before, 
they can iterate a unit (e.g., must a child conserve- 
length before he) can iterate)? 



Procedures " ' . 

' ^ Subjects were 60 children, .20 erach from grades 1, '2 and 3 of 
the Monroe Primary School in Monroe, Georgia. Ages of the children . 
ranged from 6 years and 5, months to 10 years ahd. 4 months, 

♦» Each child was interviewed individually by the author in two 
separate sessions. IJuring^the ciourse of the interviews, each child 
was gi^ven various collections of sticks and asked to perform tasks 
t^at i^eguired hiri.to.do such things as compare sticks directly and 
indixectlyV compare combinaft^ons of sticks indirectly, measure sticks 
v±i unft iteration, measure sticks with a ruler, ks the ^hild 
attempted each tas»l^, Ij^s verbal responses and physical behaviors 
were recorded. ^ 

i} * 

m 

The tasks. were designed to measure theNdevelopment of thq child' 
cortcept of th^ mathematical Aspects of measurement as well as the 
development of the reauisit^ mental operations'.- T^sks related to the 
-former measured the cHild's. -ability CD to infer a length .relation 
between sticks via transitive reasoning, (2) to infer a length rela- , 
tion between two polygonal partffs by eftiploying properties of the join 
operation, (3) to measure a stick by unit iteration, • (4) .to measuie 
a stick with a multiple (a ruler) of :a designated unit, (5) to employ 
the additive property of the^length " function. 

Tasks to measure the development of the mental operations were 
adapted' from The Child's Concept of Geometry by Piaget, et; al. (1964) 
Change of position i^7as measured by conse^atipn of length tasks simil< 
to ones described in Chapter 3, while subdivision was measured by the' 
tram tasks described ^in Chapter 6. . ^\ 
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Analysis 



The analysis proceeded in two steps. First, the responses and 
common* behaviors for each task were classified across grades. The 
intent of this classification was to enable the author tg discuss 
the integration of the mathematical concepts and the mental opera- 
tions. Second, response patterns between selected tasks were analvzeci, 
The intent of this analysis wks to search for (1) possible hierarchi- 
cal orderings among the six mathematical abilities mentioned, (2) 
possible ordering of acquisition of the two mental operations, and 
(3>Velations between the mathematical abilities and the mental 
operations. » • * 



Results ' ' 

Following are some tentative findings that are related* to the 
four exploratory questions posed earlier: ♦ 

1. The mathematical abilities show consistent developmental 
trends (i.e., for most of these tasks pore than 75% of 
V the third graders succeeded while only 25% of the first 
^ graders did) . ^ , » ' " 

"\ , 2. The mathematical? abilities mentioned in (1) 'do not seem 

^ to be totally ordered. Rather , -Several of them appear to 
emerge simultaneously, / 

3. Children that can me^ure^n the Piagetian s.ens*e appear 

* * to have mastered all of^e mathematical abilities/ * 
measure'd. . , ^ . * ^ 

4. Change of position (conservation of length) does not seem 
to beas important for measurement as claimed by Piaget, 



I 
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The Development of Length Conservation ^ 
' Through Measurement Training 
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Purpose 



The purpose of this study was to investigate how young children 
learn to conserve length. The study is a replication of a training 
study reported by InKelder, Sinclair and Bovet (1974) which attempts 
to analyze the specific effects of training on -children at different 
levels of cognitive development. ^ This training procedure facilitates 
^he identification of specific mechanisms that lead to the develop- 
ment of conservation of length i 
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Conceptual Framework * 

For Piaget, conservation is the central concept which underlies 
all measurement." Recent evidence, however, suggests that the appli- 
cation of measurement operations may contribute to, rather than 
depend upon, the development of conservation (Carpenter , 1976) . A. 
key stddy in this area, that has *been widely cited in the literature, 
is the study reported by lahelder, Sinclair and Bovef (1974), In - 
'addition' to the significance of this study for undearstanding the 
development of measurement concepts, it is also cited by the Genevans 
to support their theory that cognitive development proceed^ through 
^ the resolution Qf cognitive conflict. This critical study 'involve(^ 
only 16 subrjecta from a very select ''population and suffers- from the 
general lack^ef standardization inherent in Genevan research. Clearly 
•this study /warratits- replication/ ' * 

V 

Proce(^re 

Subjects were 29 kindergarten children attending public school in 
a rural Wisconsin community. All children were .pretested on number 
•conservation, length ^conservation, and length transitivity. Several 
days later they received the instructional treatment which was followed 
by the posttest, consisting of the same items as the protest. The 
Tasks in the instructional treatment .required subjects to^construct 
roads using cuisenaire rods that were^ the same length as., roads construc- 
ted by ^he experimenter. The difficulty of the tasks resul^d from • 
several constraints. In. some instances the subjects ^tyere as4*ed ta 
build their roadj^ in a* different direction than the experifhenter's - 
roads. In others* their roads were to be parallel to but 1>eginning 



at a different point than the experimenter's roads. In still other 
cases the subjects were required to build straight roads correspond- 
ing to the experimenter's croo roads, but were given rods which 
were shorter than the exfterimenter's. Each subject wis presented 
with several situations, all of which remained In front of the sub- - 
iect ljUiroyghout the draining. After completing the problems, the 
subjects were asked to explain their ^lutlons, and to reconsider 
earner solutions In ordep to resolve the conflict potentially 
existent In their Initial solutions. * ^ 

^ The instructional treatments were explicitly designed to create 
conflict. /Children fail to conserve length be(cause they center on a 
sinfae dominant dlmeij&lon and fall tto recdgnizft the inconsistency of. 
the'rr responses. Certain tasks were designed so that children would 
naturally center on endpoints, while "in others Vhey would focus on 
the number of cuis6naire rods. It was* hypothesised that by attempt- 
ing ta resolve th6" conflict between these -two ty^es of responses, 
children would learn to conserve. 



Results 

♦-»' 

Th^ results, of the study are summarized in Table 1. Ten^'of the 
children whd failed to conserve length on the pretest improved their' 
performance. " Four went from.no evidence of conservation to the 
intermediate stage, four went from the intermediate stage to full, 
conservation, and two went from no conservation to complete conserva- 
tion. Six of the ten» children who showed improvement dfonot conserve 
number, one was intermediate, and- three conserved number. 



TABLE 1 , _ 
Comparison of Pretest and Posttest ^rf.ormaivce 







^ Numbed 
Conserved 


* Length 
Conserved 


Length 
-nJLransltivity 




Unsuccessful 


19 




. » .17 , 


Pretest 


Intermediate' 


1 








Successful , 


9 








•Unsuccessful^ 


19 • . " 




17 


Posttest 


Intermediate 


0 


9 






Successful 


^10 
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10/ 


12 
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Conclusions 



Although 4^ pehrent the subjects showed gains in conservation 
of length as a 'result of the training session, the results of this 
study are not entirely consistent with the Genevans' theory. They 
• maintain that learning is only possible within the limits imposed by 
development. Specifically they propose that conservation of number 
is a prerequisite for the learning^ length conservation or other , 
more advanced operational structures. In fact they only included in 
their study subjects who conserved number but> failed, to conserve 
length. The current study included both number conservers and nd'n- • 
conservers. Subjects who did not 'Conserve number were as successful 
in the training sessioti as the number conservers,* Approximately *the ' 
same proportion of each group showed improvement on the posttest. 

The current study also failed to, find the same levels of perfor-^ 
mance during the training sessions identified by the Genevans. 
Although most subjects recognized the conflict in their responses, 
few of them were able' to resolve this conflict. It is interesting 
that although' few children showed much success on the instructional 
tasks, such a significant humber showed gains on the postte^st. Since 
there were not similar gains in number conservation or transitivity, 
it is unlikely that these gaiK^ can.be attributed solely to retesting 
factors. " \ ' 

In general these results tend to'supportf Carpentejr^s (19)76) 
hyp6thesis that children seem to benefit from instruction that would 
appear to be beypnd their level- of c«)gnitive development. In other 
words,** al^ough the children did not reall^ recognize the signifi-- 
cance^pr using different units of measilrex^dif f efent si^e cuisenaire - 
rodpY^ they did benefit from instruction using different units. This 
is consistent! with the results of several othfer studies reviewed by 
CarpentAr (1976). Perhaps ^Oie best explanation for children's success 
is'Gelman's (1969)^hyp9thesis that tralning^ireats children's atten- 
tion to the relevant attribute, ' • * 
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The Relationship of Field-Independent-Dependent Cognttive 
Style and Two Methods of Instruction in Mathematical Learning 

Judith Threadgill 
University of Calgary 

/ 

Purpose 

The purpose of the study was to investigate the relationship between- 
field-independence-dependence and-two instructional methods in terms of 
mathemati^cal concept attainment. ^ It was hypothesized that fiold- 
iixdependertt students would benefit more from a "guided disco^ry" treat- 
ment and field-dependent students more from a' "meaningful didactic'*, — 

treatment, * . ^ . * - 

Conceptual*' Framework - * 

Recent reytews of aptitude-treatment i^nteractioa (ATI) studies 
(Berliner and Cahen, 1973; Cronbach, 1975) indicate that ATI research 
results have generally been inconsistent and inconclusive. Glaser 
(1972) has suggested that this lack of solidly demonstrated ATI effects 
is in part due to the aptitude constructs employed, 'and that proces§ 
variables such as cognitive -styles might p-rove to be more promising 
aptitudes to consider in interaction st^dieg. Yet the^value, of cogni-* 
tive st^le as an aptitude variable for assignijig students to • - 

differential instructional treatments has re^celved only minor consi- 
deration (Kogan, 1971; Satterly, 1976)* 

Witkin's field-independenae-dependence' dimension is perhaps the 
most widely known and. thoroughly investigated of cognitive styles. 
(For a ji^iew qf investigations, see Witkin, Morre, Goodenough-^Sna 
Cox, 1977.) -This'dimension was, originally identified as a difference 
in perceptual styles.. However, '^subsequent research revealed a more^ 
generalized analytic orientatio^associated with a learner's percep- 
tual ability to overcome or restructure the organization of a field. 
Within this context,- field-independent individuals can be character- 
ized by their ability to perceive, differentiate, and' analyze relevant ' 
componeats of a stimulus. On the other hand, field-dependent indi- ' 
viduals ar^e more passive and less analytic in their processing of a • 
stimulus, and tend to preserve the holistic nature of an encountered 
fields ^ ^ - Sfr 

the stabirity and consistency of field- independence-dependenc'e 
\w)uld seem to make this variable ^i^eallj suited for Pfll research,. 
Yet the ^uestion^f appropriate, treatments for students at either 
end of this continuum is currently a matte]>of speculation. Kogan 
(1971) has sugg^ted that a discovery me(;hod of instruction might 
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prove beneficial to field- iudependent children, while field-dependent 
^ children might learn mdre from a didactic mode of teaching. The 
present investigation has attempted'/to determine whether such an 
interact ioh might exist. 



Procedure ^ ^, / 

Sixty seventh grade students participated in this study. These 
participants were originally selected from a pool of 198 students on 
the basis of scores obtained on the NLSMA simplified version of the 
Hidden Figures Test (Wilson, Cahen and Begle, 1968). Half of the 
participants scored higher than one standard deviation above the mean 
and were categori2fed as field- independent . The? remaining participants 
scored lower than one standard deviation ^be low the mean were designated 
field-dependent. Students from each half were /randomly assigned to one 
of the two treatments, resulting in a 2 x 2 factorial design with 15 
-^subjects in each cell. IQ scores of^the participants were obtained " 
from school records and used as the covariate measure. 

Two, treatment presentations were developed for this study. The 
meaningful didactic presentation was characterized bj^^deductive methods 
with stated rules -followed by^examples, the exclusion of irrelevant 
information, and immediate feedback oh the correctness of responses. 
The guided discovery presentation was basically inductive/ requiring 
students to d'erive rules from examples and to sort relevant from irre- 
levant Information with no substantive feedback provided. A script 
was. prepared for each treatment to insure .consistency of presentations. 
The students were taught in groups of ten, with each of the six groups 
including field- independent and field-dependent participants. These 
six groups were independently taught the^ treatment material during two 
class periods lasting 45 and 30 minutes, respectively. Immediately 
subsequent to the second instructional period,' each group was indepen- 
dently administered the po^ttest. 

The topic chosen for Instruction was the traversability of graphs, 
-presented as a highway network problem. This choice was guided by 
the*desire to minimize the effects of prior learning while providing 
a topic accessible to seventh graders. The 20-item posttest required ' 
students to identify new-^complex traversable networks and apply 
traversabilit>^ules .to new' situations . 

\ ■ ■ • V : 

Analysis - * ^ 

Two-way^jiBnalys'is of covarlance was applied to the data, using IQ 
scores as the covariate and posttest scores as the criterion measure. 
Ho^aogeneity ot variance and homogeneity of regression were both tested 
prior to the^ analysis and found to b^ tenable. ' ' ** 



4 



Results 

Field- independent students achieved significantly higher (p < .05) 
posttest scores than did field-dependent students. thiS finding is 
constetent with previous research demonstrating the superiority of - 
field- independent individuals in terms of concept learning tasks 
(e.g., Ohnmacht, 1966) and math^atical ability measures ^.g., 
Satterly, 1976). The concept learning tasks in this 'study required 
students to perceptually organize and conceptually categorize net- 
works and traversability rules. Field-dependent behavior apparently 
Inhibited recognition of those components' critical to the identifica- 
tion of traversable networks. On the other hand, field-independent ' y 
students demonstrated an ability to recognize and evaluate relevant 
attributes of network stimuli. These behaviors were consistent within 
each cognitive style group, irrespective of instructional treatment*.-' 

The main effect of mstructionai^t^o^-was-not statistically — - 
significant. The high iyterest leve(f demonstrateci by the* students 
in the content of the units, with itsptrs'^T^te-^f f Act on ihotivation, 
may have influenced learning ^£_the extent t;hat it/outw^i^hed the 
effects of differences in inst^^e&Lonal formats. - This .^^tpa^ion^ 
although speculative, suggests one) possible explanatdo^ oiatTie lack 
of significant difference. * % ' \ 

^ Instructional treatments vere not "found to interact with' f ield- 
Inciependence-dependence in this study. However, the possibility of 

• such ^ relationship continues' to exist, with the conpommitant; possi- 
bility .for -adaptation of instructign to individuals in classroom 

• settings. 'Level of guidance has been foJand to interact with this 
cognitive style in a college setting (Carpenter, McLeod And Skvarcius, 
1976), and it is possible that this variable might interact with \ 
field-independence-dependence with younger children. It is recommerided 
that additional research be conducted ifi this area, with consideration 
of alternative instructional variables and criterion measure's. 
Furthermore, it is also recommended that .research commence in the 

'area of compensatory treatments for field-dependent students. 
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A Stu^y/of the Child's Use of Perceptual and -Numerical 
Cues with Respect to Area Measurement 



. Charles E.\Lamb 
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James J. flirstein 
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Purpose ^ 



Little research evidence of a developmentaj^ature exists concern'- 
^ing the child' 6 conception pf ar^a^ measure.- Piagfet and colleagues (1960) 
did init;tal work in this domain. Follow-up work was done by Beilin and 
Franklin (1961). Wagman (1975) studied the child's conception 'of are^ > 
measure with a primary emphasis on the conception^of unit. With the 
exception of Wagman (197S), there ip no rep'orted evidence of ' how children 
incoiTJQrate number into* their concept of area measure. The present study 
was designed, to look at children's area measurement ^behavior with empha- 
sis on which cues, ugxlt coveyi^g or multiplicative, children attend- to 
^s they, consider the ^i;ea of certain regions. 



TKe task design was similar to that used by Piaget (1960) in his 
subdividing a straiglit line task, bat xSrith ^appropriate changes for area 
A instead of length. Childifen of elementary schbol age were interviewed — . 
^ using six sets of three area comparison tasks. Analysis of the child-r " ! 

rein's behavior provides valuable inf ormation\'concerning measure behavijpr./ 
* in general an4 area dn particular. This information shoyld give direc- 
,t}4oh for instructional tesearch concerning area concep^is * and related 
studies of thS^' physical, models uaed' f or Reaching the op^erat ions for 
rational numb^r^. - ' 



'Ptocedure 




V 



• A sample o^ 1Q6 students from grades thr^, four, five and six were 
interviewed using s^ts of area items (initial practice items were 
employed). The stuoen'ts inter;yiewed came froii\ schools in Austin, Texas 
land Columbus, Ohio. ^ (Thanks are extended to Alan R. Osborne, of The Ohio 
State University for his assistance in the collecjtion and ar^lysis of • 
'^data..) A sample item is presented below: * ^ ' ,^ 

Display Region 



Answer Region- 




Figure 1, 'Sample Item^ 

* \ ^ / 'I \ 



^ After being shown the Display *^eglon^ 'the child wafe. asked to draw a 
line on the Answer Region' to construct a rectangular region of equal 
area (see Figure 1),- Analogous items were based upon a grid network 
and an Indicated grid in order to provide differing perceptual bases ^ 
for cuing children about area -^judgments Csee Figure 2), 




Indicated Grid 



Grid 



Figuore 2. Display Regions. 



Any unusual problem-solving behavior or comments by the child were 
recorded. Particular attention was given to reporting the nature of 



:hl^ld 



ren s errors. 



Analysis . * ^ 

An'alysis -was done in a' clinical manner because of the nature of 
the interview items. Therefore, the results and conclusions are anec- ' 
dotal rather than statistical. - This method was chosen so as to provide 
more direct suggestions to teachers of young children. In the presen- 
tation it will be possible td report informative statistics such as ^ 
percentages of errcTrs and frequencies of types of errors* * 

Conclusions 

* Results and conclusions 6an best be summarized by looking ^t 
general item performance an4 lifting some common misconceptions about 
area. . 

General Performance . As expected, all children had some compe- 
tence in area, with older children outperforming the less experienced 
ones. The three item types were, from easiest to hardest^ grid, no- 
grid, and identical grid. Children who appeared to understand area 
Ctould operate interchangeably with unit, covering and multiplicative 
approaches to area." Younger children appeared tfo rely more heavily 
on the utiit covering' approach. * 
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Common Misconceptions ♦ Five types of aisea misconception seemed 
common in the sample: . • 

1. Judgment of area based upon length of one dimension; 

?. Compensation using primitive perceptual metliods; 

3# Area determined by point counting; ^ 

4., Counting around the corner; and 

r 5. Point counting using only linear units (Hirsteih, Lamb 
and Osborne, 1978) . . * 

These results are to be used to design .remedial activities in the class- 
room as well as to generate further instructional research. During the 
presentation, it will be possible to suggest teacher activities gener- 
ated by children's errors X ' . ^ 
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A Clinical Study of the HeurlsVlc Strategies 
Utilized by High School Students 



Lionel Perelra-Mendoza 
Memorial University 



Turpoae 

. /"the study of hliiristic strategies has been a continuing 
concern among mathematics educators (e.g. Kilpatrick (1967), 
Lucas (1972); Vos (1976), Blake (1976). While the studies tend 
to employ distinct, but not disjoint sets of heuristic strategies. 
It seems reasonable to conclude, that' most researcher's utilized 
Polya's heuristic process .(1957) as the initial framework f or^ the 
heuristic strategies. One overall implication of such research seems 
to be clear, namely that students do utilize, ^ and can be taught to 
utilize various heuristic strategies (e.g. drawing diagrams, making 
a table and looking for a pattern) in solving novel mathematical 
.problems. With this support for the significance of heuristics. in 
the problem solving process this researcher wanted to investigate 
the following qifestions: , . 

1. Without any specific training in heuristics, ^at are the 
heuristic strategiesxutilized by students in solving novel 
mathematical problems? ' ^ 

2. What are the^iost commonly utilized heuristic strategies? 

The works of Polya.(1957, 1954 (a), 1954 (b) ) and MacPhersor^ (1973) 
provided the major frameworks for identifying those heuristics that - 
might be utilized by students. 

Procedure 

* * > 
' Twenty high school students (grafies 9 U) were selected from 
local schools. These students were all in the honors mathematics 
' program and were students who the teachers identified as the * better^ 
*JSroblem^8olvers • 

: Each student ^ad four problems to solve*. » The problems were 
presented one at a time and the studer\twas^ allowed 15 ^ninutes to 
solve* each- problem.* If at the end of tKat^period" he hid failed to 
find the so^tion he continued with another problem. If he completed 
problem wlthih the 15 minute^ he was allowed to continue with the 
next problem^ ' Two of the problems used > were: 




K The, Chinese Tangram -puzzle • The student had to arrange > 
the seven gleces to form a square (see figure 1) • .The 
seyen pieces were placed In an envelope In front of him. 

Solution: 




Figure 1 



2. Given 1000 squares (1 cm x 1 cm) how can they be arranged 
In a' plane so that the total perimeter of 'the figure formed 
Xs a minimum? Find the perimeter. ' In front of the student 
there was a box containing- a large number of .1 cm x 1 cm 
squares. ^ 

\ 

Solution: . I^erimeter is 128 cm, - ■ ' 
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There were three key components to the eicperimental, procedui^e. 

1. The students were videotaped while solving the problems '/ r-' ~^ 

Z, The students were thinking aloud whlle^solvlng the probleijis..' 

3. The students were given physical materials to work with 
while solving the^problems. 

The use of physical materials and videotaping added a diTAenslon to 
the data' not present In most studies. It 'enabled the judges (see 
analysis) to determine whether the students were physically modeling 
heuristics such as symmetry. - • 



Analysis 

Using videotapes retalned\ f rom the pilot stage of the study, 
,the judges were /trained. In "the use of the coding procedure. Primarily 
the coding procedure consi^t-ed-of recording the heuristics used and 
the order In which they were used. At the end of the training sessions 
the analysis of the- actual data tapj^* was undertaken. Each judge 
coded each tape separately, and then they met to discuss .the results. 
The discussion- j:entered around segments of the various tapes on wh;lch 
there were disagreements. Only results on which all the judges ^could 
agree were included in the interpretative stage of the analysis. 

• » 

Results 

The most commonly employed heuristic was examination of cases- 
(enumeration of cases) . ^^Students tended to use both random cases 
and systematic cases. For example, the perimeter prbblemL some stu- 
dents wbuld try to build up from a 'small number of . Squares r while" 
others' would just try random numbers ^of squares. 

Symmetry wajs' also used by many students. This was' prarticularly 
obvious 1x1 the tangram puzzle. For example*;' the students would try 
to arrange the pieces in a symmetric manner (see figure 3^. ' 




Figure 3 



Other heuristics, such as preservation of rules and analogy 'only 
appeared very rarely. 

Note . The use* of videotapes proved to be extremely valuable. 
The video portion of the tape provided evldenpe of heuristics that 
was not presem: in the audio po^tiort. Furthermore, the researcher 
feels that it ^wpuld ha'l^e been impossible to record ail the nuances 
involved in the\probIem solving process without the tape. 
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